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95 SALE! 


Mon. thru Fri. 8:00 am - 10:00 pm e Sat. & Sun. 9:00 am - 5:00 pm E.S.T. 


VIDEOPHONE™ Cordless Remote Headphone 
Listen privately to TV/VCR or . epeoumes 

any audio source without 
disturbing others. This is not a 
radio device. It uses invisiable 
light to transmit high fidelity 
sound from any audio source. 
Perfect for home, classroom, 
hospitals, language translation, 
and as a hearing aid. 


VIDEOPHONE SALE! « 
model #AR-980TRX.*49.95 % 
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Mini Speakers With Maxi Sound 


These three-way speakers bring clarity and authenticity to 
the technology of sound. They feature a die cast 
aluminum housing with 3'' long throw woofers, 1’’ soft 
dome tweeters and extended mid-range speakers. 
Frequency Response: 80-20,000 Hz. Impedance: 8 ohms. 
Max. Power: 50 W. Size: 744"'W x 44%2""H x 442''D. 


Brackets included. oe 
Mini Speakers model #HF-9....*39.95 pair SALE! 









ORDER TOLL FREE 


800-695-4848 


Charge It: Visa © MasterCard ° American Express 


LASER FX™ Light Show For The Home 


LASER FX projects huge multiple color images, on wall, 
ceilings, etc., in response to your music system. For years, 
the special effects (FX) departments of the movie industry 
have been using LASER effects to create movie magic on 
film. If you've wondered how some of the lightning effects 
have been done, LASER FX is your answer. LASER FX is 
truly hypnotic to watch. Because of its small size, it can 
easily be carried from home to parties or wherever the 
music is. Music is not just for your ears anymore. Comes 
with AC power cord, audio cords, 2 (Y) connectors. 


LASER FX model #LFX-O1........... $89.95 SALE! 


Sony's 3-Piece Sound System 
At Your Fingertips! 


Sony's CD/AM/FM Stereo Cassette Recorder takes the perfor- 
mance of compact stereo systems to a new high level, with 
more advanced features and versatility. The Sony Remote 
Commander gives you across-the-room control of virtually all 
system functions. Synthesized digital tuning and dual multi- 
function cassette decks are also included. And wherever you 
choose to place your detachable speakers you'll hear sound as 
you wan't it, full-bodied, powerful, and tailored to your per- 
sonal preference and the room in which your listening. Here 
are some of the many exciting features the CFD-770 offers: 
Built-in Compact Disc Player, 20-track RMS programming, CD 
edit function, Dolby® B Noise, 3-band graphic equalizer, Mega 
Bass® Sound System, and 2-speed dubbing. Size: 27'' x 97/8" 
x 9'4'". Weight: 24 Ibs. 

Supplied Accessories: Remote Commander and AC adaptor. 


Sony CD/AM/FM Cassette Recorder 
model #CFD-770 ........+ agen Beabonbasunree kell 





Neon Melodies 


To dial a call on this exciting phone, simply play the 
desired piano keys and it comes with the music Do, Re, Mi 
. .. the piano can also be played when not in usel 

Some of the features of the phone include an electronic 
ringer, flashing call waiting, high/ 

low/off switch for the neon light, last number redial and ful- 
ly modular plugs. There is a touch-tone or pulse dialing 
selectable and a mute key for private conversation. 
Available in pink or blue. 


Neon Piano Phone..........++++++++910995 each 
models: #PN-30NP-Pink #PN-30NB-Blue 















Visa e MasterCard ¢ American Express " 
Mon. thru Fri. 8:00 am - 10:00 pm E.S.T. 
Sat. & Sun. 9:00 am - 5:00 pm E.S.T. 


hee Sports Walkman® 


tereo Cassette Player , q., van 
Perfect for sports! It's ragged, i Nee 


/ 
water resistant (not meant for : 
direct contact with water), curved 

shape design is great for hand 
held activities or for a tighter fit 
when belted at the waist. Its built- 
in-solar-powered clock/stop watch 
is perfect for timing jogs, legs of a 
sailboat race, or any other sporting 
activity. It has easy to use controls 
and indicators and is engineered 
for excellent sound. Supplied with 
water-resistant headphones and 
belt clip. Size: 5Ys‘'W x 4¥e''H x 
1’%/.''D. Weight: 12 oz. f 


Sony Brorts Wallan mt 
model /WMA-FS8 .....879.95 4 | 


Uniden Card Radar Detector 
\ “Truely The Smallest Radar Detector Ever!” 


The Uniden Card Radar Detector gives you quality 
you can see and feel. Its innovative design, ultra-small 
size, and convenient mounting hardware fit any 
automobile. It's the perfect blend of style and 
technology designed to meet your travel needs. 
Designed with high performance in mind, the Card 
Radar has super sensitive to X and K band radar ci- 
ty/highway toggle, alert mode settings and dual con- 
version superheterodyne. 

Uniden is confident that the Card Radar will be 
dependable and provide years of satisfaction, so they 
are offering a one year limited warranty! All mounting 
hardware is included. Size: 2V7ie''W x 3¥e''D x “/is''H. 


Uniden Card Radar Detector 
model #CRD .......eeeecceeeeceeee es 9199.00 





5-Watt Walkie Talkie 
Maxon’s 5-watt, 27MHz portable 
provides 40-channel communica- 
tion at an affordale price. Its 
dual conversion superheterodyne 
receiver with noise limiter cir- 
cuitry and adjustable squelch 
delivers crisp, noise-free recep- 
tion and quiet standby. No 
crystals are necessary with its 
40-channel synthesized circuit. 
Uses ''AA”’ batteries (8 alkaline 
or 10 rechargeable nickel cad- 
mium cells—not included) or 
plugs into a vehicle's lighter 
receptacle. Includes durable 
detachable ‘‘rubber duck”’ 
‘Recut 9-volt antenna. Frequency range: 
b erp bt eine en 26.965-27.405MHz. Size: 7.2''H x 
Otlery MOWMICUCSS 2.9''W x 1.9''D, Weight: 1 lb. 


Sensory Maxon Walkie Talkie 


Cie model #27-LP ....859.95 each 


model #680 *119.00 


Sensory Backgammon—A Real Challenge! 
Match your skills on one of nine adjustable levels. Play against the com- 
puter or with your friends. The powerful 8K program provides for quick 
response. Take on the challenge of doubling, or just play | point per 
game. For added variety you tell it your own favorite rules. The starting 
position: move around from the left or from the right, with or without 
doubling. Sensory Backgammon remembers for future games! 
er can suggest moves and allows you to take moves back or 
check the position. It 
even plays against itself 
}/ as you watch. Exciting 
/ sound effects. Switch off 
game, and the 
computer recalls the 
game position whenever 
you want. Signals and 
rejects illegal moves. 





Eternal Beauty 
With Old 


World Charm 


The simple styling of the 
Brite Brass Light fits into the 
quiet interiors of your home 
It elegantly lights the room 
with soft tones bright 
enough to work by but 
never glaring. The shade is | 






made of translucent hand- ci 
blown glass, the stem is f P-' eB) ; 
solid brass. It operates by — 1a 
an in-line thumb wheel —L_e a \ 
switch. Stands 14" high and Wii =) 
weighs only 3 pounds. { om NAR Ae 5 j 
Brite Brass Light \ = ZY) 
model #TL-190 . £29.95 —NX om: atertainment 
SS = color TV/monitor with stereo radio cassette 
=>. -€ convenience of home or on the road oper 
ORDER -lude: 5'' dia. color monitor, A/V monitor inpu 
eet 0, stereo cassette recorder, soft eject cassette « 


/ input jacks, external antenna and left/right spe 
me jack, mic. jack, foldable carrying handle, bu: 
er for NICAD batteries. 
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\_ \ wae 800-695-4848 





Put A ay power option: AC adaptor 110/220V, 12V-DC car 
World Globe S kle O size create or pape ates, Comes with AC ad 
The Levitating Wor! o! parkle On cord. Batteries not included. Size: 10.8''W x 6.2"H x | 
High tech Piper and electromagnetic technology have been combin- Your Shoes dion TV/Stereo Cassette 
ed and the result is quite amazing, the first and only Levitating World Theat vouEhnee sodel #ACN-8080 .............cce cc eee ees 9299 
Globe. It actually floats in mid air—almost friction free. Spin it! Touch it! to The Regent 
There is nothing holding the globe! shoe polisher. 
This technology is so unique it is currently in science publications! It has Elegant satin 
been designed to fit with any decor, either in the home or office. It is sure chromeifinish <a 
to the the focal point for conversation. The bringing together of High tech with sturdy black 
and antique makes the Levitating World Globe unique... die cast base fits 
Levitating World Globe™ model #LVTG-01 ..............9149.00 any decor, The 
convenient 32"’ 
handle has a 
Ls aad puert 
starter, for finger- 
Pro Bridge 200 tip control. Its soft 


durable 100% 
s wool bon- 
nets give a bright 
shine. Size: 15'°W 


The Perfect Introduction 
To The World Of Bridge reve 
This 1990 version includes a stronger new and 


































improved program that makes its play even more x 7%'"'D x 32H. 
SD ‘It is Pest pale lonmeney. for ue Weight: 12 lbs. 

ner or casu r, and e ‘o use. Pro : 4 d | 
Brdne 200 follows ihe tules Griiise, playing Dremel Regent een ’ : Save Tin = 
the Standard American 5 card major system. The Shoe Polisher , SmartMax ig, 5 = —— 
computer automatically shuffles and deals the model #795 — calls to your as ireless AC Powered Speaker System 
cards, keeps score, and follows suit. ; $119.95 jet) there Oe Wireless 100 provides outstanding stereo quality, and 
Pro Bridge 200 is a patient teacher. It comes The ‘chong. This ia mobility throughout the home without runhi Yi | 
with several instructional guides, and won't LS LG CS Ge 2 your phone. This is) \ ‘peakers receive the stereo signal from a ate ea fon 
let you make an illegal bid or play an illegal machine cheaper, ¢ 7) “that plugs into the headphone, tape or lineout jacks 
card - so it's the smart way to learn bridge. SSE CE GS GS eS ' t existing stereo system or component; transmitter __ 
You can develop your playin ay by ito the nearest AC outlet. The speakers feature a 
choosing more challenging skill levels. SS SS SS eS Es \ ». act, water resistant enclosure with full range high © 


The Pro Bridge 200 comes with an ce bass reflex speakers with: wireless 12 W RMS 


introductional manual, an instruction ee \e 1el amplified loudspeaker system, 41'' full 
manual, a pack of playing cards and Se SS SS Ges ; aal to noise ratio 80dB, Heres sepa ain 90dB" , 
bidding and play reference cards. Runs \ie sr and volume control, 60-15000Hz frequency 
on 4 atteries (not included). Se ee Gee es a ze (each): 6''W x 8%4"'H x 6D. 
Saitek Pro Bridge 2 s1i9.9n Bia eonety a ireless 100 
model #610.................9119.90 ——— Se os ees cen The Hom ‘OOR............9199.95 per pair SALE 
Save time ar. 
estimate 
istances . ’ * 
And most imp Machine 
jects includ, ordless Telephone Convenien: 


a special remote call screening feature, 
ing calls from anywhere you use your cc: 
eatures include: Clear call circuitry, red‘ 
, 9 number memory, automatic standby 
ve dialing. The answering machine fe. 
one touch opé 
micro cassette 
system, beepe 
remote messa 
trieval, voice 
activated reco 
personal mem 
remote turn-o 


Fun® Sound Effects” For The Telephone 


Turn any boring old telephone conversation into a memorable experience 
with Fun Phone Effects — the telephone sound effects machine that easily 
plugs into any home or office telephone. This extraordinary machine features 
1S sound effects that will entertain and dazzle any caller! Simply press a but- 
ton on the colorful display panel and unleash a variety of sounds (from 

“ e cracking whips to bark- 

ing dogs) directly over 
the phone line to the 
unsuspecting listener on 
the other end. Each but- 

' ton has a graphic icon 






Cobra® ‘Answering System 


illustrating the sound ef- A built in electronic telephone—a total communica- Cc 

fect it produces. The tion center at your fingertips! The Cobra Answering ordless 

Fun Phone Effects is System offers these advanced features: built-in elec- Telephone 
powered by 4 ‘’AA"’ bat- tronic telephone, a speakerphone, a standard Answering 
teries (not included) and cassette system, one touch operation, personal Machine 
is backed by a one-year memo, voice activated recording, power failure pro- model #AN-{ 

warranty thru the tection and call screening. There are even advanc- ‘ ¢ $ ‘ 
manufacturer. ed remote features such as: beeperless remote » § ie O°. a 129.95 SA 
Fun Phone Effects message retrieval, a personal security code, toll Cee se ; 
$ saver, remote turn-on and remote full tape retrieval. 

model #FX-15 *49.95 Size: 85/a''W x 850''D x 4"H, 


Cobra® Answering System 
model #AN-8536 ..............26262- 2999.95 


Complete Desk Top sy 


stem 
Designed For Home Or Office Corner 








Professional Compact Dictionary/Thesaurus 


Seiko Instrument’s Word Power Professional WP-4000 is a pocket sized electronic 
version of Houghton Mifflin’s Roget's II: The New Thesaurus providing synonyms with 
definitions. In addition, it has a spellchecker function based on the American 
Heritage Dictionary. The WP-4000 offers « RTE 
90,000 definitions, 500,000 Syn TDS for Si 
45,000 words and spellchecking | ; Beli Selkofastruments rc. 
capability for 95,000 words. Full screen 
cursor control allows you to find the 
right word quickly. It has a 4 line by 24, 
(96 character) display. The QWERT style 
keyboard makes for fast easy entries. 


Word Power model #WP-4000 s (F\(@ (H L 
$99.95 EXTRA SPECIAL! ACG (B\(N (M © @ @ 


EI) seiko instruments inc. ( @ -\ (> (ver Gnu ( sreLt 


RD POWER 
Ot Thesaurus 


Language Master The Electronic Dictionary/Thesaurus 


The Language Master provides definitions for each of the more than 80,000 words 
in its list. The Merriam-Webster® Collegiate® thesaurus has 35,000 entry words 
and returns approximately 450,000 synonyms. Since synonyms exist for multiple 

senses of some words, definitions of 
these different senses are included 
for clarification. Every word in the 
dictionary is shown with the correct 
hyphenation points. It has a stan- 
dard typewriter keyboard layout and 
the large custom 4-line, 160 charac- 
ter LCD has user adjustable contrast. 

It also has a powerful phonetic spell- 
ing corrector and crossword puzzle 

assistance. Size: 7'’x 5''x 12". 
Weight: 8 oz. Runs on 4 ‘AA’ bat- 
teries not included. 


Franklin Computer Language 
Master model #LM-2000...*124.95 
SPECIAL! 








Record Important Telephone Calls 

This electronic marvel tapes phone calls automatically and legally. Keep a 
permanent record of all phone conversations. The TA-1357 starts your recorder only 
when your phone, or extension, is lifted and stops when you hang up. Size: 1%4''H 
x 34%"'W x 5%2"'D. 

Auto Call Recorder model #TA-1857 ...........ececececeececees 9 GQ000 


Detect Telephone Tampering 


BP’s Telephone Line Tap Detector silently tells you whether someone else is 
listening to your phone conversation! Indicates presence of tapping device, if line 
is busy or extension is being monitored. No power required. Prevents interruptions 
and provides peace of mind. Works on all outgoing or incoming calls. Use on any 
phone — no interference with normal operation. Adjusts for all telephone 
installations. Size: 14''H x 3%4''W x 52D. 


Telephone Line Tap Detector model #TA-1356 ...................°d2000 
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FONEGUARD 





The systems platform unit incorporates a magnetic paper clip 
holder, a storage compartment for 3M Post-it™ Note Pad -654, a 
pen and pencil holder, phone/address file track, tape dispenser, 
stapler, staple remover, eraser and pencil sharpener. The phone/ 
address file track fits standard 4"' x 2.25'’ cards and includes 15 
months of calendars. The tape dispenser uses 3/4"’ tape and 
stapler fits Tot™ 50 staples. The pencil sharpener is precisely 
angled to the human arm’s natural movement. The blotter is 
positioned to the square edge of the platform creating an 
ergonomically designed desk top unit. (Calculator, pad and pen 
not included). 2 piece set, blotter and platform. Overall Size: 
29%" W x 22%2"'D. 

Complete Desk System model #M-33000S..........°99.00 


DataStor™ 1000c 
The Most Compact Data Bank 


Why carry a separate address book, 
appointment book, calculator, and memo pad 
when you can keep all this information 
organized 
into a one hand held PN AER: 
unit? Selectronics’ 
DataStor contains all the 
functions needed to 
smoothly and efficiently 
conduct business away 
from the office. Phone 
numbers, addresses, 
and dates are 
accessible at the push 
of a button. With 10K 
storage space, data can 
easily be entered 
including message 
alarms for remembering 
meetings, appointments, 
and birthdays. The 
DataStor has a clear, 
crisp 2 line screen, and 
an eary to use rubber, 
raised keypad. It also 
includes a currency 
exchange which makes 
overseas travel easier. 


Selectronics DataStor 


model #DS-1000C ..............934.95 





Blocks Any Undesirable Number 


Restricts Toll and 976 Calls! 


TTI-FONEGUARD is a user-friendly, plug in 
telephone call restrictor. It is factory pre- 
programed to restrict toll calls and 976 calls 
to any location in North America. It can re- 
programmed to provide other restrictions, 
from complete area codes to individual 
numbers. It can also be programmed to 
restrict calls to teen party lines, sex lines and 
other undersirable numbers. 

A three digit security code, set by you, allows 
authorized persons to bypass all restrictions. 
FONEGUARD recognizes both D.T.M.F. and 
pulse signals. It controls all phones on the 
same line and is programmable from any of 
those phones. 911 emergency number is 
always allowed. Memory will accepted up to 
9 customer selected restrictions. Compatible 
with most custom calling services. 

Operates on 4 ‘’AA”’ batteries (not included). 


FONEGUARD model #FON-1 ....569.95 











Plant Stand 


Like the original 
French plant stand 
made for outdoor 
courtyards, this 
durable rust resis- 
tant, enameled 
steel plant stand is 
perfect for patios, 
decks and indoor 
gardens. Use 
separately or 
together to create 
a beautiful wall 
unit. Easy to 
assemble. Two 
stands form a half 
circle. 

Size: 33%2"'L x 
23%2''W x 29%"'H. 
Corner 

Plant Stand 
model 
#156F-SSG 


55.00 


Mission Bells Sing 


A true wind instrument, 
Mission Bells explores the 
expressive tones of nature 
in harmony. 
It is cast out of heavy 
brass, with a misty blue- 
green patina finish; a 
finish which will improve 
with age. Mission bells 
are a charming gift 
designed to please the 
most discriminating eye. 
Overall Size: 9'’W x 33''L. 
Mission Bells 
model #TB-6 .. .*89.95 

\ 


Timeless Designs In Clay 
> Add beauty and function to your yard, garden or sunroom setting with this 
is polished terra-cotta indoor/outdoor clock and thermometer. Both are 12¥%"' in 
diameter. The clock has a 
. F precision quartz movement and runs on one ‘’AA"’ battery (not included). 


Opus Terra-Cotta Clock model #437-8 .......s0seeeeeeeeee + 092999 
Terra-Cotta Thermometer Fahrenheit model #438-3..........929.95 


Exotic Improvizations In The Wind 


Windchimes, the sounds of world culture, are unmistakable and beautiful. 
They re handcrafted instruments perfectly tuned to ancient scales. 


The Chimes of Bali™ ; Playful and light pentatonic scale. This scale is tuned to 


the instruments used in a native theatrical performance originated on the 
island of Bali. Hanging length: 23%"". 


Woodstock Windchime model #BWS-4 Silver tubes/Mahogany .*37.50 


Chimes of Olympos® : Soothing, tranquil, and restful. A ‘minor’ pen- 
tatonic tuning developed by the Greek flute and lyre player Olympos 
in the 7th century B.C. It is still used as one tuning of the Japanese 


koto. Hanging length: 37". 


Woodstock Windchimes model #OWS+3 Silver tubes/Birch.....*59.95 
model #OWBB-3 Black tubes/black wood ...seceseeceececes + 09.00 


‘Magic Window” Gives Bird's-eye View 

The Meta Wild Bird Feeder features the exclusive ‘‘Magic Window’’; two- 
way mirrored panels which lets you enjoy the pleasures of watching birds 
from just inches away while they feed undisturbed. Its three-story design 
attracts the widest variety of birds simultaneously. It attaches to all types 
of windows. It fills easily through the unique ‘'Chimney/Funnel,’’ and 
disassembles in seconds for cleaning. You can select different kinds of 
seed for each port. It’s carefully engineered for bird safety—no sharp 
edges, no metal parts. Made of indestructable Lexan® . Capacity: 2% 
quarts of seed. Size: 26%"' x 14’' x 3%’. Dishwasher safe. 


Meta Wild Bird Feeder model #MW-3.........20+00e000 0979099 
ry | : i a 
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TopFlight 
Bird Feeder 


This superior triple tube 
bird feeder features an 
even flow seed system 
that keeps food at all 
ports. 
It has a seed storage 
dome for easy filling, 
holds two extra pounds of 
seed and heavy duty 
acrylic tubes with stainless 
steel armored baffles. 
Specifications: (3) 3’’ dia. 
x 16%" long tubes; 12 
feed ports and 12 
removable perches; 3 sta- 
tion seed storage dome; 
tubes and dome hold up 
to 3 types of seed at once 
for up to ll pounds of 
seed. 
ond TopFlight Triple 
e Bird Feeder 


model #5003-3. .£49.95 
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Cobra Trapshooter® 
Super Heterodyne Radar Detector 


Perfect For Any Vehicle: Cars, Trucks, Motorcycles 

The RD-2110 radar detector offers the discriminating user high- 
performance radar protection and contemporary styling in a 
very affordable package. It responds to ''X"’ and ''K"’ plus an 
extended ''K"’ band sensitivity for detection of ''pulse-type’’ 
traffic radar guns. Features include: highway/city switch, an 
audible and red LED alarm signal indicators. The ''No False"’ 
and ‘'Lockout"' circuitry reduces false alerts. The RD-2110 comes 
with adjustable removable Dash/Visor mounting bracket, 
detachable 9 ft. DC fused power cord with spare fuse, power 
cord retaining clips, Velcro fasteners for dash mount. Size: 
25%4''W x “-%4''H x 37/e''D. Weight: 5 oz. 


poacl #eDalo 592° EXTRA SPECIAL! 


© To Place An Order Use The Orderform Provided and Mail To: 
The Scope Catalog - 260 Motor Parkway, Hauppauge, NY 11788 
or Call Us: Mon. thur Fri. 8:00 AM to 10:00 PM / Sat. & Sun. 9:00 AM to 5:00 PM E.S.T. 
e We Accept Visa, MasterCard and American Express. . e C.O.D. orders REQUIRE 25% Deposit. 
e All Money Orders, Certified Checks, Visa, MasterCard and American Express orders will be shipped within 7 - 10 days. 
e All Orders Shipped and insured as per shipping schedule. ¢ SATISFACTION is guaranteed by The Scope Catalog. 
e All prices subject to change without notice. ¢ Not responsible for typographical errors. 


Return Policy: We will accept the return of any merchandise, in new condition, within 30 days of your receipt. (Kits 
excluded) 
To return merchandise please fill out return form provided and enclose it with the original invoice and packing material. 
We reserve the right to charge 10% for handling and restocking on all refunds if customer is at fault. Shipping charges 
are not refundable. 
Please ship prepaid and insured to: The Scope Return Dept. / 260 Motor Parkway, Hauppauge, NY 11788-5134 

Sorry we cannot accept C.O.D. packages. 





For Customer Service Inquiries: 
Please call our customer service department Monday thru Friday 9:30 AM to 2:00 PM E.S.T. at (800) 766-3939 


FAX: 516-435-8079 or 516-435-2883 


©1990 The Scope Catalog, All Rights Reserved. Not responsible for typographical errors. Certain products in this catalog are covered by U.S. patents and/or patent 
applications. All pictures which appear in all video products are simulated. 


‘PLEASE CUT ALONG THIS LINE AND MAIL ORDERFORM TO THE SCOPE CATALOG 
The HBO Moth PERE Order By Telephone Toll Free: 
Scope Catalog taupsase, NY 1783 800-695-4848 / rax: 516-435-8079 or 495-2883 


CUSTOMER ADDRESS SHIP TO ADDRESS (Leave Blank If Same As Customer Address) 








Name 





Address 








City State ss Zip 





Telephone 
Home ( ) 





Please Indicate Method Of Payment (Check One) $25 Minimum Order Cardholder's Phone: 
0 Check Money Order (Visa (O MasterCard American Express 
O COD Add Additional $5.00 for COD orders / COD Orders Accepted with 25% Deposit Signature 
































ACCOUNT NO. 











Service and Shipping Charge Schedule For Continental U.S.A. ONLY N.Y.S. Residents Add Appropriate Sales Tax 
$ O-$ 25 — $4.50 $201 - $300 — $10.00 $ 751 - $1000 — $18.00 
$ 26 -$ 50 — $6.00 $301 - $400 — $12.00 $1001 - $1250 — $20.00 
$ 51 - $100 — $7.50 $401 - $500 — $14.00 $1251 - $1500 — $22.00 Service and Shipping Charge 
$101 - $200 — $9.00 $501 - $750 — $16.00 $1501 - $2000 — $27.50 $2001 & up — $35.00 






Insurance 
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BOOKS ON WEATHER 


Here is a list of some recent books on 
the topics of weather, climate, and ob- 
serving: 

The Air and Space Catalog, Vintage 
Books, 1989, Edited by Joel Makower, 
332 pages. An important new book that 
lists hundreds of sources of information 
on astronomy, aviation, space flight, 
and weather. The weather section 
spans 53 pages. 

The American Weather Book, 
Houghton-Mifflin, 1982, by David M. 
Ludlum, 296 pages. David Ludlum, a 
prolific and respected weather histo- 
rian, compiled this look back in history 
at some of the most unique weather 
phenomena since our country’s ear- 
liest days. The book includes addi- 
tional information about most aspects 
of weather and climate. 

A Field Guide To The Atmosphere, 
Houghton-Mifflin and the National Au- 
dubon Society, 1981, by Vincent J. 
Schaefer and John A. Day, 359 pages. 
This is perhaps the most complete re- 
cent guide to virtually all types of 
weather. The book includes an excel- 
lent section on cloud types illustrated 
with many color and black and white 
photographs. Also included is an ap- 
pendix of useful tables, charts, safety 
information, and a glossary. 

The Sky Observer's Guidebook, 
Phalarope Books, Prentice Hall Press, 
1986, by Charles E. Roth, 215 pages. 
This book examines the scientific, aes- 
thetic, and philosophical aspects of 
total sky awareness and the apprecia- 
tion of its value in our lives. 

The Weather Wizard's Cloud Book, 
Algonquin Books, 1984, by Louis D. 


Science Probe!, November, 1990 


Rubin and Jim Duncan, 72 pages. Sev- 
eral colorful cloud charts are included 
in this guide to the meaning and inter- 
pretation of clouds. Special emphasis 
is given to the forecast signs often pro- 
vided by clouds. A final section dis- 
cusses home weather stations. 

The Weather Companion, John Wiley 
and Sons, Inc., 1988, by Gary Lock- 
hart, 230 pages. This book covers 
weather history, legend, and folklore 
from a perspective of what is now 
known about weather related phe- 
nomena. 

Skywatch, A Western Weather 
Guide, Fulcrum, Inc., 1987, by Richard 
A. Keen, 158 pages. This book empha- 
sizes the weather from the Rocky 
Mountains to California. It includes im- 
portant sections on whirlwinds, Pacific 
hurricanes, El Nino, and other weather 
phenomena. 

The Weather-Wise Gardener, Rodale 
Press, 1983, by Calvin Simonds, 244 
pages. This interesting, well-illustrated 
book links the affects of weather on 
gardening. Important guidelines on 
understanding, predicting, measuring, 
and working in harmony with the 
weather are made by the author, him- 
self an avid weather watcher. 

The Weather Report, David S. Lake 
Publishers, Fearon Teacher Aids, 1989 
by Michael Graf, 160 pages. This col- 
lection of reproducible pages for use in 
the classroom study of weather and 
climate include experiments, 
worksheets, and lesson plans. A sec- 
tion on sharing weather information 
among schools is also included. 








Following a spring rainstorm, Steve Steinke carefully measures and records the 
precipitation total from his 8-inch diameter rain gauge. Thousands of observers 
across the nation perform this activity as part of their interest in weather. 
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Ken McKneely of Fredericksburg, 
Virginia, informs others about his AAWO 
membership via his license plate. 


Meetings have been held in nu- 
merous locations, but perhaps 
the most exciting, from a weather 
buff’s standpoint, was the meet- 
ing held three years ago at the 
base of Mount Washington, New 
Hampshire, home of the “world’s 
worst weather.” An enthusiastic 
contingent of observers from as 
far away as California came to- 
gether for two days of education, 
information, and outstanding 
scenery. 

This year’s meeting will be held 
in October in Minneapolis, Min- 
nesota. Future meetings are 
being planned for other areas, 
including on the rim of the Grand 
Canyon, the National Climatic 
Data Center in Asheville, North 
Carolina, and in Washington, D.C. 

The AAWO seeks to encourage, 
organize, and promote new chap- 
ters throughout the country. Some 
three dozen other organizations 
are now affiliated. For more infor- 
mation, contact the organization 
directly by writing AAWO (RO. Box 
455, Belvidere, Illinois 61008), or 
call the 24-hour AAWO line at 
815-544-5665. 


It's Easy to Become 
a Weather Observer 


Weather observers are among 
those fortunate people who un- 
derstand the special relationship 
between self and environment. 
Some are as dedicated as Roy 
Britt, who spends hundreds of 
hours each year chasing 
cumulonimbus clouds across the 
Great Plains in hopes of a 30- 
second glimpse of a swirling 
vortex. But you need only observe 
the weather in your back yard to 
better appreciate and under- 
stand your relationship with the 
sky. 

As Debi Lacovelli has so aptly 
observed, “I enjoy being able to 
really see the sky. | have my head 
in the clouds all the time!” * 





SCIENCE PROBE!S FIRST ANNUAL 


FIELD TRIP REPORT 








How intense is the ultraviolet 
rays from the sun at the top of a 

‘| mountain? Is it possible to 
measure the ozone between the 
base and the top of a mountain? 
What is the background radiation 
level inside an extinct volcano and 
along the roads of a nuclear 

| research facility? Join the Editor 
ona field trip to New Mexico to 

| answer these and other questions 

| for Science PROBE!. 


ack in the 1970's | often drove or bicycled up 
into the Jemez Mountains of Northern New 
Mexico to soak in the hot springs. Little did | 
realize that those springs emitted radioactive 
radon gas. This is but one of the fascinating facts 
that Eric Ryan Mims, my son and | learned during 
our 1989 summer field trip for Science PROBE!. 
The main purpose of the field trip was to measure 





By Forrest M. Mims, III 


the intensity of sunlight at various wavelengths and 
at various altitudes. We especially wanted to make 
simultaneous measurements of several wavelengths 
of the sun’s ultraviolet (UV) radiation at the base 
and crest of Sandia Mountain near Albuquerque. We 
also hoped to use the UV data we collected to 
calculate the level of ozone between the bottom 
and top of the mountain. 
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By the time Eric and | climbed 
into our pickup and began the 
long drive from Central Texas to 
New Mexico, we had spent most 
of the summer making prepara- 
tions. Eric spent more than a 
month writing and testing soft- 
ware to control a data acquisition 
system | planned to use to record 
up to eight individual wave- 
lengths of light from the sun. 
While Eric was programming and 
testing, | was busy designing and 
building the circuits necessary to 
interface the various light detec- 
tors to the data acquisition 
system. 

When he was a senior in high 
school, Eric built an optical fiber 
seismometer that detected two 
underground nuclear tests in Ne- 
vada, some 1,200 miles away. This 
project won him a trip to the 
International Science and Engi- 
neering Fair in Puerto Rico, 
numerous awards—and a large, 
wood crate in which the project 
was shipped. This crate became 
the instrument box for our field 
trip. 

We had originally planned to 
paint the crate white and stencil 
it with the SCIENCE PROBE! logo. 
We then decided that a plain, 
wood crate would be less likely to 
be broken into. Therefore, Eric 
simply applied two coats of clear 
water proofing compound. We 
then bolted the crate into the bed 
of the truck. 

Finally, everything was ready. 
The evening before our departure 
we loaded the crate with the data 
acquisition system, two comput- 
ers, two portable solar 
radiometers, assorted detectors, 
a 2-channel chart recorder, and 
enough batteries, extra detec- 
tors, optical filters, spare parts 
and tools to repair practically 
anything that might go wrong. 


Day 1—Heading West 


Though mountain top sunlight 
measurements were our principle 
objective, we were also interested 
in monitoring the natural back- 
ground radiation along the route. 
Therefore we brought along a 
Radalert Geiger counter. Every 
hour or so we logged our location 
and the updated count. Refer to 
Figure 1 for the route taken on 
this field trip. The numbers along 





(Photo on previous page) 

Eric Mims operates the computerized 
data acquisition system at the base of 
the Sandia Mountain tramway. 
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Figure 1. Route of 1989 Science Probe! field trip through Texas and New Mexico. 


the dashed route line indicate the 
background count. 

After driving all day, we arrived 
at Balmorhea State Park in West 
Texas just after dark. We laid our 
sleeping bags in the open so we 
could enjoy the spectacular view 
of the stars and occasional mete 
ors. 


Day 2—McDonald 
Observatory 


Soon after rising, Eric checked 
the Geiger counter and was sur- 
prised to find an increase in the 
radiation background count. On 
Day 1 the count had averaged 
around 11.7 counts per minute 
(cpm); the overnight count aver- 
aged 16.9 cpm. Only later did we 
realize that the higher count was 
caused by the increase in eleva- 
tion. 

From Balmorhea we headed for 
McDonald Observatory, a remote 
cluster of white domes atop 6,800 
feet (2,300 meters) Mount Locke 
in the Davis Mountains. McDonald 
is especially known for its laser 
ranging program which precisely 
measures the distance between 
the earth and the moon. 

We made only a single round of 
sunlight measurements in the dry, 
clear air before a thunderstorm 
boiled up over the mountain and 
forced us to load everything back 
in the instrument crate and join 
other visitors on a guided tour of 
the observatory complex. 

Leaving McDonald Observatory, 
we headed west. August is thun- 
derstorm season in West Texas 
and New Mexico, and puffy thun- 
derheads were visible along most 


of the way. Near El Paso Eric 
spotted a huge spiral-like struc- 
ture hanging under a dissipating 
thunderstorm just north of the 
highway, and we stopped to pho- 
tograph what was clearly a 
stillborn tornado. 

As we arrived at the outskirts of 
EI Paso, we stopped to pho- 
tograph a brilliant sun glory 
painted on a shiny layer of cirrus 
clouds. That colorful swatch of 
rainbow high in the sky con- 
trasted sharply with a brownish 
pall of smog hanging over the Rio 
Grande River to our south. 

After being trapped by a down- 
pour in El Paso, we crossed into 
New Mexico and headed north, 
entertained by lightning displays 
to our east. Just before midnight, 
we arrived at the Oliver Lee State 
Park near Alamogordo where we 
camped for the night. 


Day 3—White Sands 
National Monument 


These endless dunes of snow- 
white gypsum under a deep blue 
sky are indescribably beautiful. 
We took our shoes off and spent 
an hour hiking up and skidding 
down the dunes. In many places 
the glistening crystals of gypsum 
were crisscrossed by trails of tiny 
footprints. How small mammals 
could survive the oppressive heat 
was a mystery until | noticed that 
the hot sand became cool and 
damp a few inches down. 

Retrieving a digital ther- 
mometer from the truck, | 
measured an air temperature of 
94.1° F and 100.4° F at the surface 
of the sand at the crest of a dune. 


high as $175.00 or more. 

Equally important as the type 
and quality of the thermometer is 
its placement. Thermometers 
must be placed in a location pro- 
tected from direct sunlight and 
away from large buildings, black- 
top areas, or other areas where 
the surrounding environment 
might alter the accuracy of the 
measurement. Ideally, ther- 
mometers should be housed in an 
instrument shelter with good air 
flow and no direct solar exposure. 


Pressure 


A third element often measured 
is air pressure. Using either the 
common aneroid barometer or a 
more expensive mercury barome- 
ter, the observer records pressure 
changes as they occur, noting 
both increases and decreases as 
various weather systems pass 
overhead. The direction and rate 
of change in air pressure at any 
given location is perhaps the sin- 
gle most important measurement 
used in forecasting the next 
twelve hours of weather. 

The most common barometers 
are the aneroid variety. Most have 
a clock-type face with two mea- 
surement needles. One needle 
provides a manually adjustable 
reference marker while the other 
reflects the change in pressure as 
measured by the internal work- 
ings of the instrument. 

A newly acquired barometer 
must be calibrated. The easiest 
method is to contact a local 
weather observer or local Nation- 
al Weather Service office to get a 
current reading. You then follow 
the instructions supplied with 
your instrument to set its reading. 
It is sometimes necessary to 
lightly tap the glass face of an 
aneroid barometer with your fin- 
ger nail to allow the needle to 
settle on the correct reading. 

After the barometer is cali- 
brated, you should rotate the 
reference needle until it is di- 
rectly over the current reading. 

When you check the pressure at 
the next observation time, you 
will be able to note if the pressure 
has risen (moved to the right) or 
fallen (moved to the left), and by 
how much. The relationship to the 
previous reading gives important 
information that can be used in 
forecasting the weather ahead. 


Other Elements Measured 


Other elements frequently mea- 
sured and recorded by the 
amateur observer are humidity, 





wind speed and direction, cloud 
cover, fog density, thunderstorm 
days, heating and cooling degree 
days, growing season informa- 
tion, solar radiation, rainfall 
acidity, seismology, and a host of 
other parameters. 


About the AAWO 


The American Association of 
Weather Observers (AAWO) has as 
its objectives education, com- 
munication, and cooperation 
among all weather enthusiasts. 
The organization seeks to satisfy 
the needs of weather enthusiasts 
at all levels, regardless of 
whether they photograph clouds, 
monitor only a simple indoor-out- 
door thermometer, or maintain a 
fully computerized weather sta- 
tion with floor-to-ceiling 
instrumentation. 

Today there are some 2,000 
members of the AAWO in every 
state and numerous foreign coun- 
tries. Through its monthly 
publication, The American 
Weather Observer, the AAWO 
helps others share their enthusi- 
asm for weather watching. The 
publication contains information 
provided by many AAWO mem- 
bers, including recent weather 
events, weather stories, free data 
publication for their own stations, 
and observer recognition. 

The AAWO hosts an annual 
meeting each fall where mem- 
bers hear presentations by 
renowned weather experts. “Ob- 
server of the Year” awards are an 
important part of each year’s pro- 
gram. 





Self-adhesive logo is used by AAWO members to proudly announce their membership. 
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Home weather stations range from simple indoor-outdoor thermo 
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meters to more 


advanced equipment. Here, Steve Steinke glances at his spheric detector to check on 
any approaching thunderstorm activity. Also visible is a barograph and wind speed 


recorder. 


having the heaviest rains of the 
year be lost to a tipped-over rain 
gauge with no way to recover the 
measurement. 


Snow and Temperature 


Snow can be captured and 
measured in a rain gauge, or it 
can be measured with a ruler on 
the ground on a white, hard-sur- 
faced substrate known as a snow 
board. Snow is usually measured 
to the nearest tenth of an inch. 
When keeping a continuous rec- 
ord of total liquid precipitation at 
a given station, it is important to 
melt snow and determine its liq- 
uid depth. 

The second weather element 
frequently measured and record- 





Thirteen year-old Jarrod Steinke, son of AAWO co-founder Steve Steinke, inspects the 


ed is temperature. Utilizing 
thermometers of varying degrees 
of accuracy placed in locations 
with various types of shielding 
from the sun, many observers 
maintain daily records of 24-hour 
maximum and minimum readings 
over the course of a year. 

The simplest home ther- 
mometer can provide the basis 
for interesting record-keeping. 
But because high and low tem- 
peratures for any given day do 
not always occur at a time when 
they are conveniently observed, a 
good investment for the serious 
observer is a maximum-minimum 
thermometer that marks the high 
and low temperature during the 
time between observations. The 


Lae 





overnight rainfall accumulated in his father’s 11-inch rain gauge. Many young students 
in North America participate in school weather clubs and the Association of American 


Weather Observers. 
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WEATHER EQUIPMENT 
SUPPLIERS 


These companies sell both amateur 
and professional weather instruments 
and services. Most will provide a cata- 
log or brochure on request. 


American Weather Enterprises 
P.O. Box 1383 

Media, PA 19063 
215/565-1232 


Rainwise Instruments 
Bar Harbor, ME 04609 
207/288-5169 


Sensor Instruments Company 
41 Terrill Park 

Concord, NH 03301 
800/633-1033 


Wind and Weather 

Albion Street Water Tower — 
P.O.Box 2320 

Mendocino, CA 95460 
707/937-0323 


Robert White Instruments 
The WeatherCenter 

34 Commercial Wharf 
Boston, ME 02110 
800/992-3045 


Weathertrac 

P.O. Box 122 

Cedar Falls, |A 50613 
(319) 266-7403 


Krauth Precision Instruments 
530 South Main Street 
South Weymouth, ME 02190 
617/331-3795 


Weatherama Weather Instruments 
7395 162nd Street West 
Rosemont, MN 55068 


- 612/432-4315 


Davis Instruments 
3465 Diablo Avenue 
Hayward, CA 94545 
800/678-3669 


COMPUTERIZED OR DIGITAL 
WEATHER STATIONS 


Heath Company 
Benton Harbor, MI 49022 
800/444-3282 


Hinds, International 

5250 NE Elam Young Parkway 
Hillsboro, OR 97124 
800/543-7929 


COMPUTER PROGRAMS FOR 
RECORDING WEATHER DATA 


K and H Enterprises 
325 Olivet Road 
Bellevue, MI 49021 
616/763-3479 


L’Softworks Limited 
803 12th Avenue NW 
New Brighton, MN 55112 
612/636-5538 
See Literature Listing on page 112 


least expensive thermometer 
costs less than $50.00, while 
those meeting National Weather 
Service specifications may run as 


The temperature 54 centimeters 
below the surface was a cool 72.1° 
F This explained why most of the 
tiny footprint trails led to bur- 
rows. 

After making a series of sun- 
light measurements, we headed 
north to Valley of Fires State Park 
in the center of the Malpais lava 
flow. On satellite images, the Mal- 
pais is a solid black squiggle 
above a pure white splotch 
formed by White Sands. While 
much of the lava is indeed very 
black, it’s liberally sprinkled by a 
surprising amount of vegetation. 
The lava itself is crisscrossed by 
many crevices, some consider- 
ably deeper than a man is tall. It’s 
definitely not a place where one 
would want to walk at night. 

We spent the rest of the after- 
noon watching thunderstorms as 
we drove north to Albuquerque 
and on to Coronado State Park on 
the Rio Grande near Bernalillo. As 
we set up camp, we watched the 
setting sun color Sandia Mountain 
with the pinkish tint that caused 
the Spaniards to name the moun- 
tain after the watermelon. 

After dark, | unloaded the tele- 
scope pedestal equipped with a 
clock drive that | often use for 
tracking the sun during daylight 
hours. Light detectors mounted 
on the pedestal can be connected 
either to the data acquisition sys- 
tem or a chart recorder. | found a 
place that would not be shaded 
when the sun would be at its high 
point in the sky and there | align- 
ed the small finder telescope on 
the star Polaris, the North Star. 


Day 4—Thunderstorms 


Early in the morning a green 
pickup drove up. “I think you for- 
got this,” the park ranger said 
with a smile as he pointed to the 
telescope pedestal in the back of 
his pickup. While | had very much 
wanted to use the pedestal to 
collect some chart recordings of 
the sun’s ultraviolet near noon, 
testing the data acquisition sys- 
tem under field conditions was a 
higher priority. After we con- 
ducted a series of successful 
runs, a sudden thunderstorm an- 
nounced its arrival with a strong 
gust of wind that blew over the 
table holding some of our gear. A 
fellow camper helped us get ev- 
erything in the instrument crate 
before the rain arrived. As the 
storm marched off to the south- 
east, it covered Sandia Mountain 
with an extraordinarily bright 180- 
degree rainbow. 


That evening we attempted to 
photograph the lightning in a sec- 
ond storm that followed a track 
identical to that of the first. This 
storm was even more violent, and 
| was barely able to hold onto the 
camcorder in the strong wind. 
The lightning became so frequent 
that we retreated to the relative 
safety of the truck. Near midnight 
yet another storm appeared to be 
bearing down on us from the 
north, the same direction from 
which the preceding two had 
come! Within an hour we were 
awakened by a vigorous wind and 
the crack of thunder. 


Day 5—Hot Springs and 
Floating Rocks 


We had set aside Day 5 to visit 
the Bradbury Science Museum at 
Los Alamos National Laboratories 
in the Jemez Mountains. It proved 


THE BACKGROUND COUNT 
PROJECT 


The Geiger tube in the Radalert re- 
sponds to both gamma rays and beta 
particles, and it is equipped with a 
mica end window that transmits alpha 
particles. It does not provide an indica- 
tion of the energy of the particles it de- 
tects. 

For these reasons the background 
count project was not intended to be a 
serious scientific study. Nevertheless, 
as can be seen in the graph, the back- 
ground count project nicely demon- 
strated the well known increase of the 
count with elevation. 


to be a day well spent. 

The Jemez Mountains are what 
remains of the slopes of an enor- 
mous volcano caldera whose final 
eruption dwarfed the Mount St. 
Helens event of a decade ago. 
When we lived in Albuquerque 
back in the 1970's, | used to take 
church kids on bicycle camping 
trips in the Jemez Mountains. A 
fringe benefit of those tough 
rides was soaking in the hot 
springs at Soda Dam, a natural 
formation that protrudes across 
the Jemez River. 

When Eric was a young boy, he 
and | used to climb up to the 
hidden hot spring in a cave inside 
Soda Dam. Once some friends 
and | hiked up a snow-covered 
slope on a cold winter day to soak 
for hours in a steaming spring big 
enough for all of us. During bicy- 
cle trips | spent many hours 
hiding from thunderstorms under 
Soda Dam and soaking in the 
nearby roadside springs. We 
sometimes swam in the chilly 
Jemez River, staying warm by 
stuffing our feet into pockets of 
hot gravel scattered at the bot- 
tom of the pool below Soda Dam. 

Back then | didn’t fully realize 
just how hot those springs really 
are. The background count 
around the nearby village of 
Jemez Springs averaged around 
20 cpm, but at Soda Dam the 
count was much higher. Eric 
placed the Radalert ona rock ina 
pool of warm water fed by a small 





Near noon at White Sands the temperature half a meter down in the sand was 30° F 
cooler than the temperature at the surface. 
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Forrest Mims measures the ozone and 
water vapor above White sands National 
Monument. 


spring that bubbled from a rocky 
shelf. After we returned from a 20 
minute walk around Soda Dam, 
the Radalert indicated an aver- 
age count of 74 cpm. The count 
jumped to 95 cpm when Eric 
placed the Geiger counter next to 
the warm (111.4° F) water pouring 
from the rock. 

The most likely reason for the 
high background count was 
radon liberated from the hot 
spring water. Somehow the radon 
wafting through the air did to my 
pleasant memories of Soda Dam 
what x rays do to photographic 
film. Eric and | decided the best 
way to cure our radonphobia was 
to climb in the truck and continue 
on to Los Alamos. 

We drove past Battleship Rock 
and headed up a steep stretch of 
highway that will not soon be 
forgotten by anyone who has bi- 
cycled it. Driving through tall 
stands of Ponderosa pines and 
occasional clusters of aspen, we 
soon reached the edge of the 
Valle Grande in the heart of the 
Jemez formation. Once an ex- 
plosively fiery cauldron of 
unimaginable fury and power, the 
enormous caldera is now a ver- 
dant valley laced by trickling 
streams and studded here and 
there by black hillocks of tree- 
studded lava. 
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Along the roadside we noticed 
frequent outcroppings of white 
and tan pumice. When Eric was a 
young boy, he would toss pumice 
stones in pools along the Jemez 
River and watch them float. Their 
buoyancy is a consequence of the 
sponge-like network of bubbles 
formed when outgassing whipped 
liquid rock into a frothy con- 
sistency. 

Radon outgassing from hot 
spring water was probably not 
the cause for the increases in the 
background count we observed in 
and around Los Alamos. As we 
were driving along Pajarito Road 
from White Rock toward Los Al- 
amos, for example, Eric noticed 
that the Radalert indicator light 
was flashing rapidly. | turned 
down a road marked Tech Area 
51/54 and stopped at a sign that 
announced “No Trespassing’” 
along with a dozen other prohibi- 
tions. There Eric measured an 
average of 81 cpm during a 4 
minute sample. 

While touring the fascinating 
exhibits at the Bradbury Science 
Museum, | made a few checks 
with the Radalert. An old radioac- 
tive medical device billed as an 
arthritis cure gave 384 cpm. A 
heavy cube of uranium gave 2,383 
cpm. Despite the presence of 


these and other radioactive ex- 
hibits, the count inside the 
museum was only around 25 cpm. 
Outside the count was around 18 
cpm. 

We next headed for the legend- 
ary Los Alamos Sales Company, a 
giant surplus store that bills itself 
as “The world’s most diversified 
stock of scientific equipment.’ It’s 
the ultimate scientific junk yard, a 
place that has to be seen and 
experienced to fully appreciate. 
Want a surplus $15 million, 
1,000,000-watt solar power sys- 
tem? There's one in the parking 
lot. Inside there are rows of nar- 
row aisles lined with tall shelves 
stacked with cryogenic dewar 
flasks, oscilloscope cameras, 
chart recorders, chemistry appa- 
ratus, vacuum chambers, glass 
tubing, test instruments, cen- 
trifuges, 2,000 pounds of radio 
frequency connectors, and both 
electrical and optical fiber ca- 
bles. 

What doesn't fit on the shelves 
flows into the aisles, out the door, 
and along the sidewalk out front. 
Mountain climbing skills and a 
good sense of balance are neces- 
sary to retrieve some of the 
higher up goodies. | purchased a 
like-new Rustrak chart recorder 
designed for 12-volt operation for 


PROBING SUNLIGHT FOR SCIENCE PROBE! 


Since May of 1988 | have measured 
the ultraviolet radiation from the sun at 
300 nanometers, a wavelength very 
near the peak response of human skin 
to erythema (sunburn). Eventually | ex- 
panded the measurements to include 
other wavelengths of sunlight in order 
to measure the important atmospheric 
gases of ozone, oxygen and water 
vapor. Each of these gases absorbs 
specific wavelengths of light. By 
monitoring both an absorption wave- 
length and a nearby non-absorbing 
wavelength and by applying a correc- 
tion factor for the angle of the sun, it's 
possible to calculate the amount of gas 
in a vertical column through the atmo- 
sphere. 

Oxygen absorbs red light with a 
wavelength near 760nm (nanometers). 
Therefore, column oxygen can be 
monitored with two detectors, one of 
which is fitted with a 760-nm filter and 
the other with a 780-nm filter. Water 
vapor is absorbed by near infrared ra- 
diation at 935nm. Therefore, column 
water vapor can be monitored with a 
detector fitted with a 935-nm filter and 
a second detector fitted with either an 
850-nm or 1000-nm filter. Ozone ab- 
sorbs the ultraviolet at 300nm much 
more strongly than the UV at 306nm. 


Therefore, | use this wavelength pair to 
measure column ozone. 

Here are the maximum values of di- 
rect UV at 300nm in watts per square 
centimeter (W/cm?) measured during 
and around the time of the Science 
Probe! field trip in early August 1989: 





Place U vil W/cm?) Normalized 
New York City: 
Street Level .00173 15 
1050 ft (820m) .00271 .23 
Central Texas: 
520 ft (158 m) .00883 75 
Sandia 
Mountain: 
6,559 ft .01019 87 
(1,999 m) 
10,378 ft .01172 1.00 
(3,163 m) 


*UV normalized to value at Sandia Peak. 


These measurements are of direct UV 
from the sun. The additional UV scat- 
tered from the sky and clouds can 
equal these measurements. The UV in- 
tensity changes from day to day and, of 
course, during the course of a day. The 
very low levels in New York City were 
measured during an ozone alert. 


cational initiatives by this 
organization’s leadership clearly 
show its commitment to stronger 
science education for younger 
students as well. 

The National Weather Associa- 
tion represents practicing 
meteorologists. The NWA seeks to 
develop a responsive, motivated, 
and highly qualified pool of pro- 
fessionals who can be called to 
interpret, forecast, and assess 
the weather and climate around 
the country in a professional and 
proficient manner. 

In spite of the impact that these 
organizations have had on many 
of us who watch the weather, until 
recently there was no organiza- 
tion dedicated to sharing and 
enhancing interest on an amateur 
level. This situation was remedied 
in 1983 by the formation of the 
Association of American Weather 
Observers (AAWO), an organiza- 
tion which has provided an 
opportunity for observers to 
share their love of the weather 
with thousands of others. The 
AAWO has grown from a handful 
of weather watchers to a mem- 
bership in 1990 of some 2,000 
persons throughout the United 
States and numerous foreign 
countries including Argentina, In- 
dia, The Netherlands, Switzerland, 
and others. 


The Home Weather Station 


Home weather stations range 
from the simple to fully comput- 
erized operations with satellite 
photo capabilities and direct ac- 
cess to National Weather Service 
maps and data. Future articles in 
Science Probe! will provide a 
more complete look at the op- 
tions which are available. In this 
initial article, | will discuss only 
the elements of the atmosphere 
which are most frequently mea- 
sured and recorded at amateur 
stations around the country and 
give a simple explanation of how 
this is accomplished. 


Precipitation 


The primary element of the at- 
mosphere measured and 
recorded by both amateur and 
professional meteorologists and 
climatologists is liquid precipita- 
tion. Rainfall can be measured 
using gauges that range from 
coffee cans to fully electronic 
gauges capable of melting snow 
and ice and measuring its liquid 
content as it falls. 

Both rainfall and melted frozen 
precipitation should be measured 





Upper air winds shape high sirrus clouds over the Arizona desert. 


to an accuracy of 0.01 inch. 
Garden-style gauges, although 
suitable for many applications 
outside of serious amateur 
weather observing are usually 
graduated in tenths of an inch 
and often lack the accuracy re- 
quired for serious observations. 
Accuracy of measurement is 
controlled by the diameter of the 
catch (opening of the gauge) and 
its location at the recording site. 
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A 4-inch diameter gauge is more 
accurate than a 1-inch gauge. 
Eight inch gauges are the accept- 
ed standard within the National 
Weather Service. They have small- 
er diameter measuring tubes 
within the larger cylinder to pro- 
vide for a reliable measurement 
to 0.01 inch. A 4-inch gauge costs 
about $30.00 while an 8-inch stan- 
dard metal gauge might sell for 
$220.00 or more. 

Placement of a gauge is as 
critical as its measuring accuracy. 
The gauge should be well away 
from buildings, trees, overhang- 
ing wires, and other structures 
which would hamper or alter the 
catch. It is essential to have the 
gauge secured to a post or the 
ground so that it does not suc- 
cumb to the winds that may 
accompany the storm. There is 
nothing more frustrating than 
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And Roy Britt works for the 
Nabisco cookie bakery in Rich- 
mond, Virginia. Roy spends some 
of his vacation time each spring 
chasing tornadoes along the end- 
less dusty roads of west Texas 
and Oklahoma. 

Everyday these individuals in- 
terrupt their daily routines to 
step outside, expose all their 
senses to the state of the atmo- 
sphere and fall in love with what 
they see, hear, and feel. They are 
watchful observers, diligent rec- 
ord keepers, and eager and 
appreciative students of the at- 
mospheric elements around 
them. 


Why the Intense Interest in 
Weather? 


America’s serious weather 
watchers, perhaps 25,000 or more 
in number, range in age from as 
young as 6 or 7, to a full century 
or older. Many became weather 
watchers after a particular 
weather event affected them per- 
sonally: Chicago's big snow of 
1967, the Big Thompson Canyon 
flood of 1972, the great Long Is- 
land hurricane of 1938, or, as in 
my own case, the disastrous 
Belvidere tornado of 1967. Each 
event had a major impact in the 
shaping of a new weather ob- 
server. 

Today, nearly 11,000 of America’s 
dedicated observers directly 
serve the National Weather Ser- 
vice as members of the National 
Oceanic and Atmospheric Admin- 
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Members of the Association of American Weather Observers (AAWO) listen intently to 
an explanation of weather graphics provided by a staff member of Pennsylvania State 
University's Meteorology Department during the Fifth Annual AAWO Meeting. 


istration’s Cooperative Observer 
Program headquartered in Silver 
Spring, Maryland. Some provide a 
variety of information several 
times each day, while others me- 
thodically and meticulously 
maintain daily and monthly rain- 
fall, snowfall, temperature, or 
river level information for this 
country's permanent cli- 
matological record. 

Assembled and archived at 
NOAA’s National Climatic Data 
Center in Asheville, North Caro- 
lina, this significant historical 
record includes multiple decades 
of data from thousands of loca- 
tions under NOAA's jurisdiction. It 
is a data base produced by peo- 


It doesn’t matter where you are, day-to-day dynamic weather changes can be seen. 
This view shows clouds billowing over Hawaii. 
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ple dedicated to a most 
important element of our histor- 
ical record...the climatological 
history. 

Thousands of other observers 
have as their only reward the 
personal satisfaction found in 
simply recording the elements of 
the atmosphere which blow 
through, fall upon, and run off 
their own back yards. They sel- 
dom seek personal gain or 
financial reward, but are justly 
proud of their intimate under- 
standing of the weather outside 
their doors. 

Though many of these back- 
yard observers do not function in 
any official capacity, they fre- 
quently provide valuable and 
timely information to local Na- 
tional Weather Service offices, 
television and radio stations, and 
emergency services during times 
of threatening weather. Each year 
some are cited for their contribu- 
tion to the safety and well-being 
of the people within their commu- 
nities. 


Weather Organizations 


Over the years, several organi- 
zations have been instrumental in 
fostering interest in weather and 
climate study. 

The American Meteorological 
Society is the patriarch of profes- 
sional meteorological 
organizations in the United 
States. With an emphasis on aca- 
demics and research, the 
organization’s membership con- 
tinues to represent the weather 
and climate professionals in an 
exceptional manner. Recent edu- 


The ozone and water vapor over New Mexico's Sandia Peak 
is measured and recorded. 


only $50! Edward Grothus, the 
manager, tossed in several free 
rolls of recording paper. 

When we arrived back at our 
campsite after dark, | remem- 
bered that the ultraviolet filters 
should be cleaned with methyl 
alcohol before we attempted sun- 
light measurements atop Sandia 
Mountain the next day. | had tried 
to find methyl alcohol at phar- 
macies across West Texas. Finally, 
a druggist recommended that | 
go to a liquor store and buy a pint 
of grain alcohol. 

After we set up camp, | drove 
into Bernalillo for supplies and 
walked up to the drive-in window 
of a nearby liquor establishment. 
When | told the sales lady | 
planned to use the pint of 195- 
proof Everclear brand grain alco- 
hol she sold me to clean our 
ultraviolet filters, she smirked 
and said, “Sure,” as she handed 
over the brown paper bag. 

After cleaning the filters, | de- 
cided to set up the telescope 
pedestal over a large harvester 
ant mound just south of our 
campsite. As | inspected the 
mound, which provided a vegeta- 
tion-free spot, the beam of my 
flashlight found a blue stone 
which turned out to be most of a 
drilled turquoise bead. 








The editor measures the sun’s global radiation at an overlook 
above the Rio Grande near Los Alamos, New Mexico. 
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A background count of 95 counts per minute was measured by Eric Mims where 
radon-saturated hot water bubbled from a rock in the Jemez Mountains. 
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| poked around in the tailings 
from the ant hill, found a few 
more bits of turquoise, and 
promptly forgot about aligning 
the pedestal. Instead, Eric and | 
spent the remainder of the eve- 
hing examining my tiny find, 
which measured 5 millimeters in 
diameter, 2.75mm thick and was 
pierced by a 1mm hole. Was the 
bead made long ago by an inhab- 
itant of the nearby ruins of the 
Kuaua pueblo where the famous 
explorer Francisco Vasquez de 
Coronado spent the winter of 
1540-41? Who had worn the bead? 
Was the bead lost or was it buried 
with its owner? 


Day 6—Sandia Crest 


After a night spent dreaming 
about ancient turquoise artifacts 
and the wonderfully cluttered 
maze of scientific gadgets and 
goodies at the Los Alamos Sales 
Company, | was eager to make the 
drive to Sandia Crest. We arrived 
at the 10,678-feet (3,640 meters) 
high crest just in time to make 
measurements at local solar 
noon. 

We were unable to use the data 
acquisition system on the crest 
because the nearby forest of 
communication towers swamped 
my amplifier array with false sig- 
nals. When | used a camcorder to 
record the cloud cover and the 
visibility of the distant horizon, 
fuzzy images from a TV talk show 
flickered in the viewfinder. When | 
pointed the camera at Eric, his 
image was superimposed ina 
cartoon show! 

While in New York City a few 
days before we left on the field 
trip, | had attempted to make 
sunlight measurements from the 
top of the World Trade Center 


Unfortunately this attempt was 
also foiled by severe interference 
from the many antennas atop 
that structure. 

| had better success at the 86th 
floor observation deck of the Em- 
pire State Building 1,050 feet (320 
meters) above street level. The 
antennas atop that building also 
caused severe interference until | 
placed the instruments inside a 
recessed window well. Remem- 
bering this trick while atop 
Sandia Crest, | sat behind a small 
rock outcrop and made sun mea- 
surements with my handheld 
instruments while Eric recorded 
the data. 

Years ago | bicycled up Sandia 
Crest, and | still remember the 
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1,377 feet (420 meters) inthe sky. _ 
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Figure 2. Background count measured across Texas and New 


Mexico using the Radalert Geiger Counter. 
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Figure 3. Typical solar spectrum at earth’s surface showing principle optical 


absorption bands. 


pungent smell of overheated 
brake pads from the fast trip 
down. As we drove down the 
mountain this time, the smell 
came from the truck’s well worn 
brakes. It was about time to re- 
place them anyway. 

We arrived back at Coronado 
State Park in time to watch Sand- 
ia Mountain turn pink and then 
gray and finally black as the sun 
sank behind the mesa to our 
west. As we slept a stormy region 
on the sun generated the largest 
x-ray flare ever detected by the 
GOES satellite. 

Back home in Texas, Vicki Rae 


Mims, my teenage daughter, de- 
tected this huge flare with her 
solar x-ray flare observatory. 
Vicki's system consists of a Geiger 
counter connected to a computer 
that calculates the average 
counts per minute for the pre- 
vious hour and saves the results 
and the time on disk. Vicki ob- 
served an increase in the 
background count at dawn during 
the latter portion of this event, 
which peaked at 0118 Universal 
Time on August 16 and which last- 
ed some 13 hours. Though we did 
not make hourly measurements 
at the campsite, we observed an 
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Birdwatchers Clyde R. Ferguson, Cecil Best, Ron Koelliker, and Michael Donnelly at 
the Riley County, Kansas Bird Count, 1986—all are faculty members of Kansas State 
University. 


scientists to handle all the data 
generated by these 42,000 ama- 
teurs, others have worked to 
overcome a second impediment 
to the incorporation of bird 
counts into science. Scientists 
tended to fear amateurs would 
not be reliable enough as sur- 
veyors. “There was a feeling in the 
scientific community that they 
(the surveys) were of little value,” 
says Bock. 

Susan Roney Drennan, a mathe- 
matician, felt otherwise. When 
she took over American Birds, in 
1974, she analyzed the data sta- 
tistically and determined that the 
bird count really did approximate 
a ‘random sample,” and could be 
of value. She then worked to 
change the procedures to make 
the surveys more palatable to 
scientists. She standardized the 
forms so that the data could be 
compared more easily and de- 
manded more accurate 
accounting of number of hours 
spent looking and the number of 
miles covered are kept. Editors in 
the national office in New York 
and regional experts began scru- 
tinizing data more closely. High 
numbers of birds are reported 
and whenever there are sightings 
of rare birds, these must now be 
documented with a separate 
form that must be signed by sev- 
eral people. Because the bird 
count takes place early in winter, 
other experts will often return to 
the survey site and verify unusual 
sightings. 

“There is increasing pressure on 
birders to document the birds 
that are unusual,” says Wilds. 
Each group of counters turns 
their data into a regional com- 
piler who reviews the reports and 
flags unusual sightings. “When | 
first started, | think the documen- 
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tation was in a large part quite 
poor,” says Wilds, who compiled 
and edited Washington area bird 
count reports from 1976 to 1983. 
“Now | think it’s much more thor- 
ough and believable.” 

“| try to be as accurate as | can,” 
adds Couch. That means more 
work, sometimes. To be accurate 
they will chase hawks overland to 
make sure it’s a red-tailed and not 
a red-shouldered hawk. One year, 
Ferguson saw a loon, something 
rarely seen on Midwest bird 
counts. He had to keep hopping 
along the shoreline to try to catch 
site of the bird when it surfaced. 
Sometimes the bird would come 
up in the glare of sunlight, mak- 
ing its markings 
indistinguishable, or else it 
wouldn't hold it’s tail up so Fer- 
guson could see the feathers he 
needed to see. But Ferguson per- 
sisted until he had his 
confirmation. “I do all the things 
you have to, to get the looks you 
need to confirm it properly.” 

Another year, two teenagers 
walking the Oklahoma prairie 
spotted a peregrine falcon. They 
stayed with it to check its shape, 
color, tail, beak, wings against the 
bird guide. "They had it down to 
almost a feather,” Ferguson re- 
calls. ‘They knew they had 
something good, so they knew 
they were going to get interro- 
gated when they got back.” 

Longtime birder and guidebook 
author Chandler Robbins also 
once tried out a more standard- 
ized and scientific procedure, but 
found that his results so closely 
correlated with the bird count 
numbers that it wasn’t worth try- 
ing to force the counters to 
change. “It's a formula that’s be- 
come such a tradition, that 
people don’t want to fiddle with 


JOINING THE WORLD’S 
BIGGEST RESEARCH TEAM 


The National Audubon Society devised 
and coordinates the Christmas bird 
counts. And it doesn't take much to join 
in. The society welcomes newcomers, 
even those who don’t know birds very 
well. The surveys are done according 
to a prescribed method. Each survey 
represents the number of birds spotted 
in a 24-hour period within a predeter- 
mined 15-mile diameter circle—about 
177 square miles in all. That circle, 
which is defined by latitude/longitude 
coordinates may change from year to 
year, but in many places, counters 
have tried to go through the same area 
so as to have a good point for compar- 
ing data from year to year. Each bird 
count takes place between December 
15 and January 5. 

Depending on the location, between 
one and 200 observers may cover a 
circle, and their effort is figured in 
party-hours and party-miles. The coun- 
ters use cars, bicycles, skis, snow- 
shoes, snowmobiles, boats, even 
airplanes for their observations and 
note the types of party miles covered. 

Bird counts have count coordinators 
who recruit people for the surveys, as- 
sign sections of the circle to teams that 
include at least one experienced bird- 
watcher. Sightings of rare birds must 
be documented with detailed descrip- 
tions or pictures. 

Regional editors look over the bird- 
count reports and write up summaries. 
They send these summaries to the 
Christmas bird count Editor, who then 
puts all the summaries together for an 
article in American Birds. In 1988, there 
were 39 spots in the United States and 
Canada where more than 150 species 
were sighted. One bird count, in Pine 
Prairie, Louisiana, had 103 million birds 
total, though not the great diversity that 
other bird counts had. 

The Audubon Society invites anyone 
to join in and suggests that newcomers 
contact the staff at American Bird to 
find out where the nearest bird count is 
being held. The contact is: Geoffrey 
LeBaron, National Audubon Society, 
950 Third Avenue, New York, N.Y. 
10022; Tel. 212/546-9100. 

The Christmas bird count schedules 
are: 


91st Bird Count: December 15, 1990 to 
January 2, 1991 
92nd Bird Count: December 14, 1991 to 
January 2, 1992 


93rd Bird Count: December 17, 1992 to 


January 3, 1993 


it,” says Wilds. 

And it's a tradition that is grow- 
ing. Each year, new circles are 
added to the census, and new 
recruits to the Christmas Bird 


counts. “It’s always an adventure,” 
says Wilds, *a combination of aes- 


thetics and sociability and 


science and usefulness.’ kK 


THE COLUMN OZONE 
PROJECT 


Ozone is often measured in terms of 
Dobson Units (DUs). 100 DUs is a 1- 
millimeter column of ozone at standard 
temperature and pressure. The mean 
values for the column ozone Eric and | 
measured near noon on August 16, 
1989, at the base of the tram and Sand- 
ia Peak were 272.8 and 267 DU, re- 
‘spectively. We therefore measured 5.8 
DUs of ozone between the base and 
top of the mountain. 

One estimate of the ozone in a kilo- 
meter of the lower troposphere is 0.8 
percent of the total column ozone. Mul- 
tiplying this figure by the column ozone 
we measured at the base of the moun- 
tain gives 2.84 DU between there and 
the peak, half the value we measured. 

A ground-based ozone monitoring 
station near the tramway base mea- 
sured an ozone concentration of 64 
parts per billion while we were making 
measurements. Extrapolating this fig- 
ure to the 3,819 feet (1,164 meters) ele- 
vation difference between the base 
and peak of Sandia Mountain gives a 
column ozone of 2.86 DU, surprisingly 
‘close to 0.8 percent of the total column 
ozone we measured but still only half 
the value we measured between the 
tramway base and peak. 

Extrapolating a ground-based mea- 
surement to a 1.16-km vertical column 
is rather risky. Wind-induced tur- 
bulence can cause ozone to strike 
plants and soil and be destroyed. And 
pollution can increase the ozone aloft. 
It's therefore possible that the measure- 
ment at the base of the mountain was 
less than the ozone concentration a 
kilometer up. 

Measuring column ozone within the 
lower troposphere is very important, 
particularly since it cannot be easily 
measured from a satellite. For exam- 
ple, ozone measurements at Table 
Mountain in California have revealed a 
daily increase of around 7 DU, appar 
ently due to air pollution. 

Eric and | plan to repeat the Sandia 
Mountain measurements. Next time we 
will avoid the serious optical alignment 
problems we experienced with the 
bulky computerized system by using a 
pair of identical handheld ozone spec- 
troradiometers | have recently made. 
We will report on our results in a future 
issue of Science Probe!. 


unusually sharp decrease in the 
background count that night of 
16.11 com, down from 19.62 cpm 
the night before. 


Day 7—Sandia Aerial 
Tramway 


We scheduled this day for the 
most important experiment of 
the field trip. While Eric operated 
the computerized data acquisi- 
tion system at the base of the 
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Figure 4. Pictorial view of Sandia Mountain, site of principle solar ultraviolet and 


ozone measurements. 


Sandia Tramway, | would ride the 


tram to the peak and make simul- 


taneous measurements with a 
second set of detectors. See fig- 
ure 2. 


The lower tram terminal is at an 


elevation of 6,560 feet (1,999 
meters), and the upper terminal 
is at an elevation of 10,378 feet 
(3,163 meters). The tram ride be- 
tween the two terminals takes 15 
minutes or so and covers 2.7 


November, 1990, Science Probe! 


68 


miles (4.34 kilometers). While rid- 
ing the tram, | pointed the 940 
and 1000 nanometer detectors at 
the sun and monitored the de- 
crease in water vapor as the tram 
ascended, much like | have done 
while flying aboard commercial 
aircraft. 

Shortly before noon, the chart 
recorder and the various instru- 
ments were set up, and | began 
making measurements. Every 5 
minutes Eric sampled the ultra- 
violet radiation at 300, 306, 320 
nanometers and the near in- 
frared at 880 and 940 nano- 
meters (to measure water vapor 
in a column through the atmo- 
sphere). | did the same with these 
wavelengths plus the additional 
wavelengths of 760 and 780 
nanometers (to measure column 
oxygen). The solar spectrum 
shown in figure 3 reveals why we 
selected these wavelengths. 

Cottony cumulus were begin- 
ning to form east of the peak, but 
they stayed away from the sun 
during the noon hour. Between 
scheduled measurements, | mea- 
sured the global (total sky) 
radiation with the 320 nanometer 
detector and photographed the 
sky and horizon. 

Eventually clouds began block- 
ing the sun, making it impossible 
to follow the 5-minute schedule. 
After making measurements for 
around three hours, | rode the 
tram back down the mountain. 
Eric had managed to collect and 
save on disk 30 files of data. Each 
file contained eight individual 
measurements at five wave- 
lengths. Despite the clouds, we 
later learned that many of our 
measurements were made within 
seconds of one another. 

Back at the campsite, we exam- 
ined some of the data and then 
prepared to photograph a total 
eclipse of the moon. Unfor- 
tunately, the back side of an 
evening thunderstorm blocked 
the moon during virtually the en- 
tire eclipse, but the clouds 
thinned briefly during totality to 
reveal a coppery moon in full 
eclipse. 


Day 8—The Bottomless 
Lakes 


We arose early and enjoyed our 
final postcard-like view of Sandia 
Mountain and the tranquil Rio 
Grande glistening in the morning 
sun. Following instructions re- 
ceived at the museum adjacent to 
the ruins of the nearby pueblo, | 
documented the circumstances 
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ADDITIONAL INFORMATION 
ABOUT PLACES VISITED 


McDonald Observatory is located in 
the Davis Mountains of West Texas. 
From Interstate Highway 10, take State 
Highway 118 south at Kent and pro- 
ceed 39 miles to Mount Locke. The 
visitors center is open daily except 
Thanksgiving, Christmas and New 
Year's Day. The observatory's 107-inch, 
160-ton telescope is open for public 
viewing one night each month. Reser 
vations are required approximately six 
months in advance. The Davis Moun- 
tains State Park 13 miles south offers 
camping facilities. For more informa- 
tion, write the W.L. Moody, Jr. Visitor's 
Information Center, Box 1337, Fort 
Davis, Texas 79734 or call 
915-426-3263. 

Visitors to McDonald Observatory 
may want to also visit scenic Big Bend 
National Park 100 miles to the south. 
Write Big Bend National Park, Texas 
79834. 

White Sands National Monument, 
the world’s largest deposit of gypsum 
sand, is 15 miles southwest of Al- 
amogordo, New Mexico, on U.S. 70. 
Bring sunglasses and plenty of film. 
Call 505-437-1058 for information. 

Valley of Fires State Park, 4 miles 
west of Carrizozo, New Mexico, on U.S. 
380, offers camping facilities in the 
Malpais, a 1,500 year old lava flow. 

The Bradbury Science Museum at 
Los Alamos National Laboratory north- 
west of Santa Fe has a wide assortment 
of fascinating exhibits on geothermal 
energy, computer graphics, lasers, so- 
lar energy, and both the peaceful and 
military applications of nuclear energy. 
The museum is closed on Laboratory 
holidays. For more information, call 
505-667-7396. 

The Los Alamos Sales Company 
(Box 795, Los Alamos, New Mexico 
87544) is for serious buyers only. Bring 
plenty of space to haul away the good- 
jes you buy. For safety reasons, do not 
bring young children. Call 
505-662-5053 for hours and directions 
before visiting the company. 

The Sandia Peak Tramway is at 
Sandia Mountain near Albuquerque, 
New Mexico. The tram operates daily. 
Call 505-298-8518 for information. 


around the discovery of the tur- 
quoise bead fragment, sealed 
both the bead and notes ina 
plastic bag, and handled the 
package to a park ranger. 
Notwithstanding the missed op- 
portunity to use the telescope 
pedestal, our stay at Coronado 
State Park proved to be the most 
pleasant part of the field trip. 
Each morning we awoke to an 
enchanting view of Sandia Moun- 
tain and the Rio Grande. Each 
evening we watched as small but 
violent thunderstorms noisily 
marched and flashed their way 


across the desert. We drove slow- 
ly out of the park and headed for 
Bottomless Lakes State Park in 
southeastern New Mexico, enter- 
tained most of the way by more 
desert thunderstorms. 


Day 9—Back to Texas 


Several months earlier, | had 
flown a kite suspended, radio- 
controlled camera from a cliff 
high over one of the circular lakes 
at Bottomless Lakes State Park. 
We hoped to get more aerial pho- 
tographs of the lakes, but the 
morning wind was blowing the 
wrong direction so we loaded up 
the truck one last time and head- 
ed east toward Texas. 

The long drive back home to our 
place on the banks of Geronimo 
Creek took all day. We passed the 
time updating the background 
count and watching dust devils, 
rainbows and, of course, thun- 
derstorms. At midnight we turned 
down the lane that ends at our 
house and the tiny farmhouse 
that serves as my office and shop, 
ready for our first night in real 
beds in 10 days. 

We had accomplished our prin- 
ciple goal, the simultaneous 
measurement of the sun’s ultra- 
violet at the top and bottom of a 
mountain. We had also made hun- 
dreds of sunlight and background 
count measurements. We had met 
dozens of travelers, including 
teachers, engineers and fellow 
amateur scientists, some of 
whom assisted with our measure- 
ments and photographed us. 

We'll not soon forget the double 
rainbows, watermelon colored 
mountains, endless white seas of 
glistening gypsum sand, and in- 
comparable vistas. And we'll 
cherish the camaraderie and fel- 
lowship that only comes from 
sleeping out under the stars, even 
though more than once we had to 
dive in the truck to seek shelter 
from the fury of several of those 
noisy, gusty light shows known as 
desert thunderstorms. * 


FURTHER READING 


Experimenting with a Geiger Counter, 
by Forrest M. Mims, II], Modern Elec- 
tronics magazine, February 1990, pp. 
54-59. 


Radiation: Doses, Effects, Risks, 
United Nations Environment Pro- 
gramme, ISBN 92-807-1104-0, 1985. 


Measuring the Ultraviolet from the Sun 
by Forrest M. Mims, Ill in “The Amateur 
Scientist,’’ Scientific American 
magazine, August 1990. 


As a scientist at the Cornell Labo- 
ratory of Ornithology in Ithaca, he 
has been helping to make the 
efforts of these 42,000 amateurs 
more accessible to scientists. 
Since 1983, he has been putting 
the data onto a computer. He 
worked with a Cornell statistician 
to develop ways to standardize 
the results from year to year and 
from survey to survey. Twenty 
years worth have been entered, 
and the goal is 30. ‘The tech- 
nology makes it much easier to 
handle masses of data,” says 
Butcher. 

Using these numbers, Butcher 
has shown longterm trends in 
bird populations. The U.S. Fish 
and Wildlife Service, for example, 
had come up with a list of 30 bird 
species that might have been in 
trouble because of changes in 
their habitats. Butcher looked at 
the 20 of those that appeared in 
the Christmas bird counts and 
was able to pinpoint seven that 
were most threatened and two, 
the trumpeter swan and the 
white-faced ibis were doing bet- 
ter than expected. 

Until now, much bird research 
has focused on breeding strat- 
egies. But Butcher thinks more 
biologists are beginning to real- 
ize the important role that winter 
plays in a species’ survival. His 
analysis of black ducks using bird 
count data has documented a 35- 
year decline in their numbers, 





Clyde R. Ferguson comes from a family 
of Kansas bird watchers. 
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The Bald Eagle, a bold fisherman, prepares to swoop down on an unsuspecting 


trout. 


most likely due to destruction of 
winter feeding grounds in the 
wetlands of Long Island, New York 
and the Chesapeake Bay. As scien- 
tists begin to pay more heed to 
winter biology, they will turn more 
to the bird count data. He expects 
their results will highlight the 
need to preserve winter feeding 
habitat as well as breeding hab- 
itat. “It’s going to be the next 
great revolution in conservation,’ 
he predicts. 

Butcher was not the first to use 
a computer to analyze the bird 
count data. In fact, he built upon 
the work of a University of Colora- 
do biology professor, Carl Bock. 
Bock first used the data to investi- 
gate the ecology of an acorn- 
eating woodpecker. Based on that 
work, he decided that there was a 
lot more useful information bur- 
ied in the bird counts and that a 
computer would be the best way 
to sift through the data. So he 
and a graduate student keyed in 
the results of 8,092 bird counts 
(data from 1962 until 1971). The 
work represented more than a 
million hours of fieldwork and in- 
cluded sightings of 635 million 
birds, an effort no single scientist 
could ever accomplish. ‘What we 
wound up with was a big hunk of 
data that we could feel around 
in,” Bock recalls. 

For example, there are certain 





ata 


birds that live in Northern Canada 
and usually do not migrate south- 
ward. But occasionally there are 
“eruptions,” when they head south 
in huge numbers. Until Bock start- 
ed feeling his way through bird 
count data, scientists had no way 
to tell whether there was any 
pattern to these eruptions. Did all 
birds do it the same year? Bock 
discovered that these were in- 
deed synchronized, not only in 
North American birds, but also 
around the world and that the 
eruptions were linked to a failure 
by conifers to produce the seeds 
the birds fed on during winter. “It 
showed how finely tuned birds 
are to their food supply,” says 
Michigan's Root. “It’s a piece of 
ecology that had never before 
been realized.” The study, which 
was published in American Natu- 
ralist, helped draw attention to 
the scientific potential of the bird 
counts, as have Bock’'s 25 other 
scientific papers based on this 
bird count data. 

And this is just the beginning, 
say bird-count enthusiasts. “It’s 
kind of a snowballing thing,” says 
Bock. ‘The more it’s used, the 
more its credibility goes up.” 


Accuracy Counts for 
Everything 


While Bock and Butcher pro- 
vided an efficient way for 
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The Father of the Christmas Bird Count, 
Frank Chapman, proposed the idea in 
1900. 


miles, never really knowing when 
and where they will intersect a 
road again and get back to their 
cars. Along coasts and rivers and 
lakes, some explore their territory 
by boat or skiff. Older birders will 
count from their cars or sit on 
their back porches and tabulate 
birds that show up at feeders. 
One Kansas teenager once hiked 
several miles doing the survey on 
crutches. 

Last winter greeted many sur- 
veyors with record-low 
temperatures, so'cold that mid- 
day temperatures of 0° F seemed 
warm.” Even so, Couch started 
before dawn and stopped just 
briefly for a quick lunch. He said 
he and companions spent a lot of 
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time watching from their cars. 
Nor did they abandon the effort 
at sunset, even though they were 
exhausted. "You always try to get 
an owl if you haven't seen one,” 
says Clyde Ferguson, who will 
stay out in the dark until he hears 
a familiar hoot. 

“It's a really interesting time to 
go birding,” adds Couch. “It’s real 
easy to see things.” Usually, in 
Oklahoma, the weather is not as 
cold as in 1989. Birds are much 
easier to spot in landscapes with- 
out leaves. And the hardy souls 
that braved the frigid air were 
rewarded. “Because of the ex- 
treme cold, we saw things we’d 
usually never see,” says Couch. At 
one point during their day, more 
than 5,000 Canadian geese flew 
over Couch’s group. Flock after 
flock honked as they sped south- 
ward. Then too, because all the 
ponds were frozen except one 
spot, the waterfowl were concen- 
trated in one area. As a result, 
Couch’s companions were treated 
to a rare sighting: a duck called 
the Great Scaup. Their count that 
day included three species of 
Longspurs, long-clawed prairie 
finches, and some Merlins, a 
small falcon. “They were all out 
foraging because they had to be 
active,” he adds. On Christmas 
counts Ferguson has added 
Northern Shrikes, Catbirds, Red- 
shouldered Hawks to his list. 
Brown once spotted a Canada 
goose (quite unusual for Florida). 

The birders turn out in droves, 
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and not just for the sake of the 
birds. They come for the comrad- 
ery and for adventure. They never 
know what they will run into. “You 
do things you think that you are 
never going to do after you're 12 
years old,” says Wilds. “The feeling 
of adventure, of being out- 
doors...that's exciting.” When else 
does one don hipboots and slog 
through marshes or hang pre- 
cipitously over frozen ponds 
trying to get a good look ata 
bird’s underbelly. More than once 
Ferguson has torn his pants 
climbing over an old barbedwire 
fence or gotten stuck on muddy 
roads. 

For Ferguson, 59, the Audubon 
bird count is also a family affair 
that involves several generations. 
An historian who teaches at Kan- 
sas State University in Manhattan, 
Kansas, he became acquainted 
with birds through his grand- 
mother. Later, a Boy Scout merit 
badge required that he be able to 
identify a few dozen species. Plus, 
he and his family liked to hunt. 
“The two aren't as antithetical as 
people think,” he explains. Both 
get people outdoors, where they 
are quiet and observing nature. 
Those were moments he always 
enjoyed. But he didn’t really start 
birdwatching until years later, as 
a graduate student in North Caro- 
lina. 

He then introduced his children 
to Audubon bird counts while they 
were in grade school in Kansas. 
They often brought along friends, 
so sometimes a half-dozen teen- 
agers (and younger) would 
participate. His three children are 
all grown up, but they keep up 
with their Christmas bird count 
tradition, meeting up in Fer- 
guson’s boyhood home in 
Oklahoma each year, including 
1989. ‘They couldn’t all make it for 
Christmas, and they couldn't all 
stay for the New Year's party, but 
they all could make it there for 
the bird count,” says Ferguson. 
His first cousin and her daughter, 
plus relatives from another town 
joined in as well. 


From Family Outing to 
Scientific Pursuit 


For Gregory Butcher, who start- 
ed doing Christmas bird counts 
with his family when he was 11 
years old, the bird count repre- 
sents much more than a tradition. 


Most viewers would call it a duck. Bird 
watchers see an Anas Americana. 


ROBE! 


Superconductors 
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Earth’s crust presents at 
least some resistance to the 
flow of an electrical current 
at room temperature. When 
cooled to an extremely low tem- 
perature however, metals such as 
mercury, lead and tin lose all re- 
sistance to the flow of electrons. 
When in this state these materials 
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id separators that 
s impurities from 


will carry an induced electrical 
current indefinitely. This ca- 
pability is behind a proposed 
Superconducting Magnetic Ener- 
gy Storage (SMES) unit that will 
store 5,000 megawatt-hours of 
electricity in a liquid-helium- 
cooled coil 1,568 meters in diame- 
ter. 

The Josephson junction is two 
superconducting layers sepa- 
rated by a very thin insulator. 


Summary _ 


{ superconduc 
absolutely no? 


r presents 
ance to the 


flow of an electrical current. For 


decades the only superconductors 
were certain metals cooled to the 
temperature of expensive, hard-to- 
handle liquid helium. Now you 
can experiment with a new kind 
of ceramic superconductor that is 
cooled with inexpensive liquid 
nitrogen. 
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When cooled to the point at which 
the device is superconductive, a 
Josephson junction will switch 
from off to on as fast or faster 
than any known semiconductor 
switching device. 

Josephson junctions might one 
day be used in superconducting 
supercomputers hundreds of 
times faster than today’s comput- 
ers. In the meantime, an 
especially important use for 
Josephson junctions is in Super- 
conducting QUantum Interference 
Devices (SQUIDs). A SQUID is more 
sensitive to magnetic fields than 
any known device. A SQUID can 
detect a current flow of as few as 
several electrons per second and 
a magnetic field that measures 
only 0.00000001 (10-8) that of the 
Earth’s magnetic field! 

If wire could be made that ex- 
hibits superconductivity at room 
temperature, the long-distance 
transmission of electrical power 
could be made more efficient. 
And many of the applications de- 
scribed above could be achieved 
without the need for expensive 
and difficult to store liquid he- 
lium. 


Some Superconductor 
History 


The first superconductor was 
discovered in 1911 by Heike Ka- 
merlingh Onnes when he froze a 
blob of mercury with liquid he- 
lium. The resistance of the 
mercury became so low that 
Onnes was unable to measure it. 

After he discovered that lead 
and tin also become supercon- 
ductors when cooled with liquid 
helium, Onnes predicted that 


WARNING! 


This article deals with and involves 
subject matter and the use of materials 
and substances that may be haz- 
ardous to health and life. Do not at- 
tempt to implement or use the 
information contained herein unless 
you are experienced and skilled with 
respect to such subject matter, materi- 
als and substances. Neither the pub- 
isher nor the author make any 
representations as to the accuracy of 
the information contained herein and 
disclaim any liability for damages or 
injuries, whether caused by or resulting 
from inaccuracies of the information, 
misinterpretations of the directions, 
misapplication of the information or 
otherwise. 
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Figure 1. The major advances in superconductivity since 1911. 


wires made from superconduc- 
tors could be used to wind coils 
that would produce intense mag- 
netic fields without iron cores. 
Lead and tin, however, could not 
carry sufficient current for this 
purpose. Half a century later it 
was discovered that supercon- 
ductive wire made from certain 
alloys of niobium could carry 
enough current to make possible 
the high-intensity magnetic fields 
predicted by Onnes. 

For 75 years the only known 
superconductors were metals 
such as mercury, lead, tin, and 
niobium alloys, all of which had to 
be cooled to the temperature of 
liquid helium to become super- 
conductive. Early in 1986, K. Alex 
Muller and J. Georg Bednorz of 
IBM’s Zurich Research Center 
made a discovery that shook the 
world of physics. They found that 
certain ceramic materials lost all 
resistance to the flow of electrical 
current when they were cooled to 
35 Kelvin (K). (The term degrees is 
omitted when temperature is 
specified in Kelvin; more about 
temperature later.) 

Prior to this discovery, the 
warmest temperature at which 
superconductivity had been ob- 


served was 23.2 K. Though liquid 
helium was used to cool the new 
ceramic material to the point at 
which it became a superconduc- 
tor, that temperature was still 
higher by far than any supercon- 
ductor discovered over the 
preceding 75 years. The discovery 
earned Bednorz and Mueller a 
Nobel prize in 1987. 

Soon after the announcement 
of the discovery of ceramic super- 
conductors, dozens of scientific 
laboratories around the world be- 
gan concocting their own 
versions of ceramic superconduc- 
tors. No one clearly understood 
how the original ceramic super- 
conductors managed to become 
perfect electrical conductors. And 
everyone wondered if changing 
the ingredients might result ina 
ceramic that would be a super- 
conductor at room temperature. 

Scientists who enjoy experi- 
menting thrive on unknowns like 
these. Like cooks in their kitchens, 
they tried thousands of different 
combinations of ingredients, hop- 
ing to find a recipe for a ceramic 
that would become a supercon- 
ductor at a warmer temperature 
than any other ceramic. Soon ce- 
ramics were compounded that 


who didn’t start looking at birds 
until she and her husband retired 
to Summerland Key, Florida, 15 
years ago. “It’s taken years to do 
it right.” Now each year she 
guides Florida Key residents and 
bird-watching visitors from all 
over the world through a census 
of birds in the lower Florida Keys 
and treats everyone to a honeyed 
ham dinner afterward. 


Dedicated Amateurs 


While Christmas counters often 
say they do their counting be- 
cause it is fun, they also take the 
task quite seriously. They see 
themselves as part of a move- 
ment, as watchdogs for their 
environment. There's a sense of 
bonding, a sense that there are 
others all doing it over the coun- 
try,” says Wilds. 

Each 24-hour census includes 
all the birds found in an area 15 
miles in diameter, and there's 
quite a spirited rivalry between 
groups to see who gets the most 
number of birds and the most 
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Figure 1. Graph reveals the increase in 
bird count locations. 
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Figure 2. The growth of bird watchers 
has grown dramatically since 1940. 
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number of species—sometimes 
up to 300. The researchers—ages 
9 to 90, ranging from novice to 
expert in their ornithological abil- 
ities—are up before dawn, 
bundled up in scarf and mittens 
to listen and look as they try to 
outdo one another in the number 
of birds they find in a 24-hour 
period. Some people actually do 


a midnight to midnight marathon. 


The results include a list of the 
species seen and their numbers 
and the latitude and longitude of 
the 177 square miles covered. The 
effort is measured in terms of 





The Blue Jay, an impertinent chatterer, with roving habits and harsh voice. 





miles traveled and hours spent in 
the field. 

It’s work that amateurs do quite 
well. ‘A lot of professional or- 
nithologists tend to focus on 
aspects that require professional 
training,” says Wilds. ‘A birder 
who just learns to identify birds 
well can do all kinds of surveys 
that nobody would ever pay any- 
one to do.” 

These amateurs become quite 
dedicated to their task. In the 
Midwest, pairs of counters will 
head into the prairie and wander 
through grassland for several 





Figure 3. Each dot represents a bird-count site in North America. 
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The Cardinal is a song bird more noted for its red color. 


Terry Root's book, The Atlas of 
Wintering North American Birds: 
An Analysis of Christmas Bird 
Count Data (University of Chicago 
Press, 1988), is one of the most 
comprehensive scientific analy- 
ses of bird-count data. Its maps 
illustrate the need to make con- 
servation decisions based on 
species abundance as opposed 
to distribution. The maps show 
where areas that are home to 
many endemic species that war- 
rant protection. This work also 
showed that low temperatures 
were often critical in determining 
northern boundaries for some 
species. No other surveys are as 
all-inclusive or comprehensive, 
says Root, who hopes to track 
effects of global warming on bird 
populations using this data. 

The Christmas bird count began 
quite modestly in 1900 when 27 
bird-watchers turned out Christ- 
mas day to protest the side hunt, 
a tradition in which teams of 
hunters competed to see which 
side could kill the most wild birds 
and mammals in an afternoon. 
Refer to Figures 1 and 2 to fully 
comprehend the growth of The 
Christmas Bird count. Frank Chap- 
man, ornithologist at the 
American Museum of Natural His- 
tory, was editing the Audubon 
Society's publication, Bird-Lore, at 
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the time and wrote an editorial 
proposing a count instead of a 
shoot. He published the results 
two months later in hopes these 
numbers would let people know 
just what birds were around 
Christmas day and just how many 
birds one could see in a few 
hours. 

The idea caught on. Through the 
decades, the count’'s popularity 
as a holiday outing grew; it was 
not meant to be a scientific sur- 
vey. (See figure 3.) ‘The whole idea 
is to get anyone who wants to be 
involved,” explains Geoff LeBaron, 
an editor at American Birds, the 
Audubon journal that publishes 
and coordinates the bird count. 
One doesn’t need to be an expert 
either. “It’s designed so people 
who have just begun birding can 
go out with an experienced per- 
son and contribute,” Adds Wilds. 
“You’re the eyes in the back of 
somebody else's head.” 

For example, John Couch got 
started when a neighbor asked 
him to join in on a count. The 
survey's leader was an older 
woman who couldn’t walk very far 
and so identified birds from her 
car. “I was really impressed that 
she could identify birds from 
their calls, and, over long dis- 
tances, from their behavior,” 
recalls Couch, 47, a lawyer in 
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A FOLLOWER OF FEATHERED 
FLOCKS 


“Mostly, I’m a birder.” Claudia Wilds, 
58, speaks modestly about her foray 
into ornithology. Although today she is 
Secretary of the American Birding As- 
sociation and has written a book, 
Finding Birds in the National Capital 
Area, (Smithsonian Press), she could 
hardly tell her birds apart 20 years ago. 
A specialist in foreign language test- 
ing, she showed little interest in birding 
for many years. “| had been fighting it 
for years because | thought it was a 
cartoon activity,’ she recalls. Like 
many people, she imagined bird- 
watchers as peculiar people, never 
without their binoculars and too caught 
up in their pursuit of the winged quarry. 
She had bought a bird book, but was 
never able to find or identify anything, 
at first. 

She began to warm up to the idea, 
however, after a trip to Florida, where 
she saw lots of larger birds that even 
she could pick out. Then in 1970 she 
went the Outer Banks in North Carolina 
with a friend. There were lots of birds on 
the mud flats. She happened to have 
her bird book and binoculars, and 
something clicked. "I said, I’m not leav- 
ing here until | find out what all these 
things are,”’ And she didn't. “It was 
such a high. It was like an Epiphany; it 
was like being reborn,” 

From that point on, Wilds couldn't get 
enough bird-watching. She combed 
her library for bird books and spent 
hours studying her identification 
books. “It was really an intellectual 
challenge, in addition to an aesthetic 
treat,” she says. “There was an infinite 
amount to learn.” 

She went on her first Christmas bird 
count that year. The next year, she went 
to Maryland’s Eastern Shore and did 
one count a day, six in all. Now, 20 years 
later, she always does at least one there 
and never misses the Great Falls, Vir- 
ginia, survey count near her home. “! 
consider myself a very serious birder,” 
she says. “| don’t have any scientific 
training, but I'm exceptionally serious.” 

She views her Great Falls bird count 
as a duty she owes science and Au- 
dubon. In recent years, it seems that 
500 more houses go up in the area she 
covers between bird courits. So there 
are fewer and fewer birds. At first, she 
was bothered by how boring the bird 
count had become. Now she and the 
friend she does the survey with have 
lowered their expectations but still do it. 
“It's important to record the changes 
over the years, even if it's downhill.” 


Stillwater, Oklahoma. “It was fun.” 
Fifteen years later, he still finds 


birding fun and now he knows the 


calls himself and often takes new 
people along with him. 

Not that the transition from 
novice to expert is easy. “| slam- 
med the car door; | drove too 
fast,” recalls Margaret Brown, 


ed le Se ad Fa a 


exhibited superconductivity at 
progressively warmer tempera- 
tures. 

A major breakthrough occurred 
early in 1987. Paul Chu of the 
University of Houston and Mau- 
Kuen Wu of the University of Ala- 
bama discovered that a ceramic 
compound made from yttrium, 
barium and copper oxide (YBC) 
became a superconductor at the 
incredibly “warm” (by supercon- 
ductor standards) temperature of 


be a revolution in the tech- 
nologies of electrical power 
transmission, motors, magnetic 
sensors, integrated circuits and 
high power magnets. 


Temperature Scales 


Until room temperature super- 
conductors are developed, 
superconductor experimenters 
will need to become familiar with 
the Kelvin scale for expressing 
temperature. It’s a much more 


from 90 to 98 K. This temperature 
range exceeded the 77 K temper- 
ature of liquid nitrogen. In other 


words, the new YBC ceramic could 


be made a superconductor sim- 
ply by dipping it into liquid 
nitrogen. 

Prior to this discovery, super- 
conductors were cooled to the 


temperature of liquid helium. This 


applied even to the first ceramic 
superconductors made by Bed- 
norz and Mueller in 1986. Liquid 
helium is expensive to make and 
very difficult to use since it must 
be kept in expensive storage ves- 
sels. Liquid nitrogen, on the other 
hand, is comparatively easy to 
make and much easier to use 
since it can be stored in an ordi- 
nary thermos bottle. It's also 


much cheaper than liquid helium, 


often selling for less than an 


equal volume of milk or soft drink. 
For these reasons, Chu’s discov- 


ery was even more exciting than 
the discovery of the first ceramic 
superconductors by Bednorz and 
Mueller. Figure 1 is a graph that 
places the discovery in perspec- 
tive by showing the highest 
temperature at which supercon- 


ductivity was observed during the 


time since the phenomenon was 
first discovered. 

Many applications are made 
possible by a superconductor 
that is cooled by liquid nitrogen 
which are simply not possible for 
older superconductors cooled 
with liquid helium. Beyond the 
excitement of new applications 
for superconductors was the elu- 
sive goal of a room-temperature 
superconductor. 

Is it possible that new recipes 
can be devised that will provide 
superconductivity at the temper- 
ature of dry ice, water ice or even 
room temperature? Can amateur 
scientists participate in the 
search for this elusive goal? If 
room temperature superconduc- 


tivity becomes possible, there will 


efficient method for expressing 


very low temperatures than other 


temperature scales. 

In the United States tempera- 
ture has traditionally been 
expressed in terms of degrees 
Fahrenheit. Using this scale, at 
sea level water freezes at 32 de- 
grees Fahrenheit (F) and water 


boils at 212 degrees F The Celsius 


scale makes more sense, how- 
ever, since it is based on the 
temperatures at which water 


SUPERCONDUCTOR 
SAFETY PRECAUTIONS 


Some of the ingredients used to 
make superconductors are toxic. 
Therefore you should carefully follow all 
safety precautions provided with su- 
perconductor pellets. Always wear a 
toxic dust mask, eye protection and im- 
permeable gloves when cutting or ma- 
chining ceramic superconductor pel- 
lets and when working with the raw 
materials from which they are made. 

Wear gloves when handling a ce- 
ramic Superconductor pellet. After 
handling a superconductor, you 
should not touch your fingers to your 
mouth or face or eat anything before 
washing your hands. 

Liquid nitrogen is a clear liquid that 
looks much like water. Some of its prop- 
erties, however, are considerably dif- 
ferent. The most dramatic difference is 
temperature. At 77 K (-196 degrees C), 
liquid nitrogen will quickly freeze ex- 
posed skin. If a small quantity of liquid 
nitrogen is poured on a flat surface at 
room temperature, the liquid forms 
small drops that scoot around on a fric- 
tionless layer of gaseous nitrogen liber- 
ated from the surface of each drop. 

When anything warmer than 77 K is 
immersed in a container of liquid nitro- 
gen, the liquid vigorously boils and lib- 
erates large quantities of nitrogen gas. 
This can pose a dangerously explosive 
situation. Therefore liquid nitrogen 
should never be stored in a non-ven- 
ted, sealed container. 

A vacuum bottle is a good place to 
store liquid nitrogen. But never place a 
tight fitting stopper in the opening of a 
vacuum bottle that contains liquid ni- 
trogen! Instead, stuff very loosely fitting 
tissue paper or a piece of soft, foamed 
plastic into the opening. Or place an 
upside down foam plastic cup over the 
opening. These methods will permit ni- 
trogen gas to freely escape without 
building up pressure inside the bottle. 

Here are some important safety pre- 
cautions you should always observe 
when using liquid nitrogen: 

1. Store liquid nitrogen in an insu- 
lated container without a tight-fitting 
stopper or lid. If liquid nitrogen is 
placed ina tightly sealed container, the 


container will explode due to the built- 
up pressure! 

2. Never transport an open container 
of liquid nitrogen in a car, bus or other 
vehicle. Use a dewar flask designed for 
transporting the liquid or purchase the 
liquid from a dealer who will deliver it to 
your location. 

3. Always wear safety goggles when 
pouring liquid nitrogen and when con- 
ducting any experiment in which the 
liquid nitrogen might violently boil. 

4. Liquid nitrogen boils violently 
when poured into a container at room 
temperature. Stand clear to avoid 
being splashed. 

5. If liquid nitrogen splashes onto 
your clothing, quickly grasp a dry sec- 
tion of fabric and pull the wet area away 
from your skin. The liquid will rapidly 
evaporate from your clothing. 

6. Treat liquid nitrogen with the same 
respect you give boiling water. Never 
play with liquid nitrogen. 

7. Keep onlookers, especially chil- 
dren, a safe distance away while using 
liquid nitrogen. Be sure to impress 
upon them about the hazards of liquid 
nitrogen. 

8. Liquid nitrogen will cool the oxy- 
gen in the air so that a small quantity of 
liquid nitrogen will collect in the bottom 
of a storage flask. Never use the last 10 
percent of the remaining nitrogen. Lia- 
uid oxygen will support combustion at 
an accelerated rate if a spark or flame 
is present. 

9, The best way to dispose of excess 
or unwanted liquid nitrogen is to gently 
pour it on a sandy surface that is dry. 
Pour the liquid through a PVC pipe or 
cardboard tube so that the liquid nitro- 
gen will not splash when it hits the 
ground and the distance between you 
and the ground contact area is a few 
feet away. Stay nearby as the liquid ni- 
trogen boils off and warn off anyone 
who may come by. A cup full of liquid 
nitrogen should boil off completely in 
ten minutes or less. 

10. Never pour liquid nitrogen on 
open flame. 

11. Once again, never store liquid ni- 
trogen in a closed container! 
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Figure 2. A typical ceramic 
superconducting disc. 


changes states. Water freezes at 
O degrees Celsius (C) and water 
boils at 100 degrees C. 

A major objection to both these 
scales is that the temperature 
measurement must be expressed 
with a negative number below a 
certain point. The Kelvin tempera- 
ture scale overcomes this 
drawback by assigning the tem- 
perature of 0 Kelvin (K) to the 
point known as absolute zero. At 
this temperature cold is as cold 
as cold can be. 

A temperature expressed in de- 





Figure 3. A magnet floating 
above a superconductor in 
the author's shop. 
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grees Celsius can be converted to 
Kelvin temperature by adding 
273.16. The formula for converting 
a temperature expressed in de- 
grees Fahrenheit to Kelvin 
temperature is 


5a(degrees F —32) + 273.16. = K 


O K equals -459.69 degrees F and 
-273.16 degrees C. The tempera- 
ture of liquid nitrogen is 77 K 
(-321.09 degrees F or -196.16 de- 
grees C). 

Incidentally, note that Kelvin 
temperature is expressed without 
using the term degrees. Thus 95 K 
is -178.16 degrees C. 


Experimenting with a 
Superconductor 


Not long after the development 
of ceramics that exhibit super- 
conductivity at the temperature 
of liquid nitrogen, several compa- 
nies began selling various kinds 
of superconductor pellets and 
discs for experimental use. It’s 
not often that such an important 
discovery passes so quickly from 
the laboratory to the hands of 
amateur scientists and students. 

Now you can purchase a wide 
range of experimental supercon- 
ductor products from various 
suppliers. Those superconductor 
products include raw materials 
for making your own ceramic su- 
perconductors, finished discs 
fitted with electrodes for measur- 
ing the material’s resistance over 
a range of temperatures and vari- 
ous kinds of small but powerful 
magnets. 

Figure 2 is a photograph of a 
typical ceramic superconductor 
disc. This disc was used to con- 
duct the demonstrations of the 
Meissner effect that are de- 
scribed next. 


The Meissner Effect 


Though superconductors are 
best known for their absence of 
electrical resistance, they also 
possess the amazing ability to 
repel a magnetic field. This phe- 
nomenon, which is called the 
Meissner effect, is dramatically 
demonstrated by the photograph 
of the magnet floating above a 
superconducting disc in Figure 3. 

It’s very easy to demonstrate 
the Meissner effect, and it’s a 
demonstration that is not soon 
forgotten. First, however, you 
should carefully read the safety 
precautions given in the accom- 


panying sidebar. Then you will 
need to find some liquid nitrogen. 
Some welding shops sell the ma- 
terial. You might also be able to 
acquire a small quantity from a 
university, clinic, or laboratory. As 
noted in the safety precautions, 
never store liquid nitrogen ina 
tightly sealed container. 

Once you have acquired some 
liquid nitrogen, place a disc or 
pellet of ceramic superconductor 
in the bottom of a foam plastic 
cup that has been cut down toa 
height of a centimeter or so. Then 
carefully pour some liquid nitro- 
gen over the superconductor. The 
liquid nitrogen will boil violently 
when it strikes the superconduc- 
tor disc. Be careful to avoid 
splashing the liquid onto your 
skin or clothing and wear gog- 
gles. 

When the liquid nitrogen stops 
boiling, the temperature of the 
ceramic is 77 K and the material 
has entered the superconductive 
phase. Next, use non-magnetic 
tweezers to place a small magnet 
over the superconductor. When 
you release the magnet, it will 
remain suspended several milli- 
meters above the surface of the 
superconductor. For this demon- 
stration to be successful, you 
must use a small but very power- 
ful rare earth magnet. | have had 
good results with both samarium- 
cobalt and neodymium-iron-bor- 
on magnets. 

When the same poles of conven- 
tional magnets are placed 
together, the two magnets will 
repel one another. Unless the 
magnets are physically re- 
strained, the poles of the two 
magnets will push against one 
another until one of the magnets 
rotates to a position where the 
opposing poles can attract one 
another. All this happens so 
rapidly that one magnet will not 
float above the other. 

This is why a magnet floating 
above a superconductor is sucha 
remarkable and unexpected 
sight. Touch the magnet with a 
pencil, and you can change its 
orientation. Give it a gentle 
nudge, and the magnet will ro- 
tate. A circular magnet will spin 
fairly rapidly and for a considera- 
ble time. Rotate the cup 
containing the superconductor 
and the floating, spinning magnet 
and the magnet will remain fixed 
in space and appear to be at- 
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tached to the superconductor by 
an invisible wire axle. 

Figure 4 is another photograph 
of a samarium-cobalt magnet 
floating above a superconductor 
in my shop. Note the frost that 
has formed on the magnet be- 
cause of the very cold 
temperature of the nearby liquid 
nitrogen. 

Figure 5 is a photograph of the 
same magnet after | gave it a 
gentle shove with a pencil. The 
rapid rotation of the magnet is 
clearly visible. The magnet will 
spin rapidly for quite some time. 

Does the magnet oscillate up 
and down while it floats above 
the superconductor? No; you can 
prove for yourself that the mag- 
net is absolutely motionless if you 
have a helium-neon laser and if 
your magnet is shiny enough to 
reflect the beam of the laser toa 
wall or a piece of paper a few 
meters away. All that’s necessary 
is to illuminate the side of the 
magnet with the beam from the 
laser while watching the reflected 
spot of light. If the laser and the 
superconductor are resting ona 
stable surface, the reflected spot 
will be perfectly still. 

Be sure to follow appropriate 
safety precautions when using a 
helium-neon laser. Never permit 
the beam from even a low-power 
demonstration laser to enter your 
eyes or the eyes of onlookers. 

A ceramic superconductor will 
gradually begin to warm as the 
liquid nitrogen evaporates. After 
most or all the liquid is gone, the 
magnet will still remain sus- 
pended in place for a time. When 
the temperature of the supercon- 
ductor exceeds the 
superconductivity threshold, 
gravity will take over the magnet 
will suddenly fall to the top of the 
ceramic disc. 

The Meissner effect works no 
matter which pole of the magnet 
faces the superconductor. You 
don’t even have to cool the super- 
conductor before placing the 
magnet in position. Simply place 
the magnet on top of the ceramic 
superconductor before slowly 
pouring liquid nitrogen around 
the disc. Just before the liquid 
nitrogen stops boiling, the mag- 
net will suddenly rise above the 
superconductor and hang mo- 
tionless in space. People who have 
never seen this demonstration are 
usually very impressed by it. 








Figure 4. A frosty, floating magnet 
exhibits the Meissner effect. 





Figure 5. The magnet in Fig. 4 after it 
has been caused to spin. 
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Other Experiments 


You can do much more with a 
superconductor than levitate a 
magnet. For example, you can 
conduct a simple experiment that 
will actually help you visualize 
how a superconductor repels a 
magnetic field. The key to the 
experiment is a sheet of Magna 
View film, a sheet of plastic 
coated with microscopic beads 
encapsulated with ferrous oxide. 
The particles in the microbeads 
are realigned in the presence of a 
magnetic field, and this causes 
the color of the film to change 
from green to blue. You can pur- 
chase Magna View film from 
Edmund Scientific. 

Begin this experiment by plac- 
ing a neodymium-iron-boron or 
other powerful magnet on a sheet 
of Magna View film. You will see 
hourglass-shaped patterns adja- 
cent to the magnet that indicate 
the outline of the magnet's field. 

Next, cool a superconductor 
disc with liquid nitrogen until the 
fluid stops boiling. Then place a 
sheet of Magna View film over the 
superconductor. (The level of liq- 
uid nitrogen should be at or 
below the top of the supercon- 
ductor.) Now press the magnet 
against the film directly over the 
superconductor. The hourglass 
patterns representative of the 
magnet's field will not be formed 
because the superconductor re- 
pels the magnet's field. 

Finally, allow the magnet to 
float over the superconductor 
and then place the Magna View 
film over the floating magnet. You 
will again see an outline of the 
magnet's field. 

Since a compass needle is actu- 
ally a tiny magnet, it will also 
respond to the presence of a 
superconductor. If you place a 
compass on top of a supercon- 
ductor, the needle will continue to 
point north. However, if you place 
the compass to one side of the 
superconductor, the needle will 
swing away. 

If you grasp a superconductive 
disc with plastic tweezers while a 
magnet is floating above it, the 
magnet will remain suspended in 
place until the temperature of the 
ceramic superconductor rises 
above 95 K. While the magnet is 
still floating, place the supercon- 
ductor directly over a second 
magnet. Even though the super- 
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SUPERCONDUCTOR 
SUPPLIERS 


You can purchase superconductor 
discs by mail from companies that sell 
science and educational supplies 
Since prices, catalog numbers and or 
dering requirements sometimes 
change, you should contact the com- 
panies listed below for the latest spe- 
cialized mail-order information about 
how to order their superconductor 
products. 

National Superconductor (8308 Dix- 
on Street, Lorton, Virginia 22079) sells 
superconducting discs, bars, rings 
and powder. A Meissner demonstra- 
tion kit complete with superconductor 
disc, samarium-cobalt magnet and 
plastic tweezers sells for $29.00. The 
company also sells magnets and a Su- 
perconductor bar with electrodes for 
measuring the bar's resistance. 

Edmund Scientific (101 E. Glou- 
cester Pike, Barrington, New Jersey 
08007) sells a ceramic superconduc- 
tor disc and instructions for its use for 
$17.50 Edmund also sells a demon- 
stration kit that includes a cobalt mag- 
net for $36.00. 

Arbor Scientific (P.O. Box 2750, Ann 
Arbor, Michigan 48106) sells a super 
conductive disc for $17.00. Arbor also 
sells a Superconductive disc fabrica- 
tion kit with sufficient ingredients for 
making 10 to 15 superconductive discs 
for $275.00. Arbor sells a supercon- 
ductivity test apparatus for $225.00. 
The kit permits measurements of the 
electrical resistance of a superconduc- 
tor with the help of a digital voltmeter 
that you supply. 

Arbor also sells a magnetically levi- 
tated train, one of the most unique su- 
perconductor products available. The 
train floats over a row of superconduc- 
tive discs and is propelled along its 
track by a microprocessor-controlled 
linear motor. Write the company for ad- 
ditional details. 


conductor repels the field of the 
floating magnet, the presence of 
the second magnet causes the 
two magnets to be attracted to- 
ward one another. They will then 
firmly attach themselves to op- 
posite sides of the 
superconductor. 

Try this same experiment with a 
small steel bar and nothing will 
happen. The magnet will continue 
floating above the superconduc- 
tor even when the ceramic is 
placed directly over the steel. 

An interesting experiment is to 
hang a magnet tied to a light 
string or thread above a super- 
conductor. When the tethered 
magnet is placed near the center 
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Carolina Biological Supply (2700 
York Road, Burlington, North Carolina 
27215) sells superconductor educa- 
tional kits of various kinds and a 1-liter 
dewar flask for storing liquid nitrogen. 
One of the company's kits includes a 
superconductor that has the ability to 
hang suspended below a powerful 
magnet. 

HiTc Superconco (140 Bordentown 
Road, Tullytown, Pennsylvania 19007) 
sells a wide range of superconductor 
powders and finished superconduc- 
tors. A superconductor disc sells for 
$15.00. 

Fluoramics, Inc. (18 Industrial Ave- 
nue, Mahwah, New Jersey 07430) is a 
manufacturer of superconductors and 
superconductor discs with attached 
electrodes. 

You can find the names of additional 
superconductor manufacturers and 
suppliers in magazines for high-school 
science teachers. 

Most superconductor suppliers also 
sell magnets. Large or weak magnets 
will not float above a superconductor. 
Edmund Scientific sells many kinds of 
magnets, some of which are ideal for 
use with superconductors. To save 
money, you can remove the samarium- 
cobalt magnets from a pair of head- 
phones. The labeling on the package 
will inform you if the phones include this 
powerful magnet. Be careful; sa- 
marium-cobalt and other powerful 
magnets are brittle. They will often 
break if permitted to slam against a 
ferrous object or another magnet. 

If you simply want to see a demon- 
stration of the Meissner effect without 
investing in a Superconductor and liq- 
uid nitrogen, try calling a nearby high 
school or university. Perhaps a teacher 
will permit you to visit and observe a 
classroom demonstration of this amaz- 
ing phenomenon. 


of the superconductor, it tends to 
move toward the center of the 
disc. At least it did when | con- 
ducted the experiment. When the 
magnet is moved toward the 
edge of the disc, it moves out- 
ward and away from the disc as 
shown in Figure 6. 

Thus far | haven’t discussed 
how you can prove that a super- 
conductor has no electrical 
resistance. For this demonstra- 
tion you cannot use a plain 
superconductor disc. Instead, you 
will need a superconductor disc, 
rod or bar to which special low- 
resistance electrodes have been 
attached. Some of the suppliers 
sell superconductors with such 


electrodes. They also provide de- 
tailed instructions for measuring 
the resistance of a superconduc- 
tor at room temperature and 
below the temperature at which 
superconductivity occurs. 


How to Make a 
Superconductor 


Several suppliers sell the ingre- 
dients that will permit the diligent 
amateur to make ceramic pellets 
and discs that exhibit supercon- 
ductivity. Last year | saw an 
excellent Science-Fair project on 
this subject at the Alamo Regional 
Science Fair in San Antonio, Texas. 
The high-school student who con- 
ducted the project had mixed the 
necessary ingredients on her own, 
baked them in a kiln and pro- 
duced three ceramic discs. Two of 
the discs exhibited superconduc- 
tivity when cooled with liquid 
nitrogen. 
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Figure 6. Suspending a tethered magnet 
above a superconductor. 


There are several important 
benefits to be gained from mak- 
ing your own superconductors. 
First, you will gain a better appre- 
ciation of exactly what is 
involved. Second, you will be able 
to vary the size and shape of the 
pellets you make. Finally, you can 
experiment with the ingredients 
and the various preparation steps 
in an attempt to produce super- 
conductors that function at 
warmer temperatures or which 
exhibit other novel properties. 

(Continued on page 110) 





Lightning is seen against an Arizona sunset near Tucson. (Fujichrome 50, 35mm format, f/11, 1 
minute.) 


your exposure settings for later 
reference. 

Film and equipment: | recom- 
mend the use of ISO 25, 50 or 64 
transparency film for lightning 
photography. These low-speed, 
fine-grain films will give you lon- 
ger exposure times and superior 
quality. | have found that Fu- 
jichrome 50 ISO film in 35mm, and 
2-1/4-in. formats offers the best 
coior rendition of lightning and 
existing light combinations. How- 
ever, you may want to experiment 
with several types of film to 
achieve your desired effects. 


Box, Glass, Pod, etc. 


Here are some commonly used 
photographic equipment for 
lightning photography: 

Camera and lenses: Use any 
35mm camera that has a *B’” 
(bulb) or similar setting that will 
allow time exposures. Lenses with 
50mm and longer focal lengths 
are recommended. High quality 
zoom lenses (80-200 range) are 
also good because they permit 
the focal length, hence the field 
of view, to be quickly changed. 
Air release or remote control: 
These devices allow you to trip 
the camera shutter from a safe 


location such as a vehicle or shel- 
ter. 

Exposure Meter: Essential de- 
vice for measuring low-light 
situations which are common dur- 
ing early evening storms. 

Filters: Neutral density and po- 
larizer filters are useful for 
extending the exposure time 
when there is too much existing 
light. 

Flashlight: Very heipfui and ii- 
luminating gadget during night 
work. 

Watch or timer: Any timepiece 
that can be used to measure 
seconds and minutes during ex- 
posures. 

Weather Radio: Always monitor 
National Weather Service (NWS) 
weather reports. Some weather 
radios have an alarm system 
which is activated by the NWS 
during severe weather situations. 

Note pad and pen: For taking 
notes on exposures and unusual 
phenomena. 

Tripod: A camera support is es- 
sential for lightning photographs. 
Caution: The use of metal ob- 
jects in the vicinity of an 
electrical storm is dangerous. 
You can assemble a non-con- 
ducting camera mount or tripod 
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from plastic pipe or lumber. 

Shutter release cable: Allows 
you to open and close the shutter 
without touching the camera. 

Film: Color transparency film is 
best for lightning. Fujichrome 50 
is recommended. ISO speeds 
from 25 to 64 are best for long 
exposures. 

Now you have my thoughts on 
photographing lightning. Don’t 
rush out into the field until you 
have developed a complete trip 
plan. Know where you will setup 
your equipment and where the 
nearest l/ightning-proof shelter is 
situated. 

Have a dry run on a Clear night. 
Set up your equipment and take a 
few pictures of the night scene. 
Try your hand at the moon and 
town lights in the distance. Go 
through all the motions so that 
when the real thing, lightning, 
comes along, you can move quick- 
ly, function properly and capture 
on film the most exciting picture 
of your life! * 
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People have always been intrigued by 
lightning. You are either fascinated by it 
or scared to death of it. Each year in the 
United States an average of over 150 
people are killed by lightning and over 
250 are injured. The majority of deaths 
occur when people take shelter under 
trees, which are subsequently struck 
by lightning. Each year lightning 
causes over $200 million in property 
losses to structures, forest fires and 


livestock. It is estimated that there are 


some 1800 thunderstorms in progress 
over our planet's surface at any given 
time and lightning from these storms 
strikes the earth about 100 times each 
second. Many researchers feel that 
this constant bombardment of light- 
ning is critical in maintaining the elec- 
trical balance of our atmosphere. 
When cumulus clouds begin to 
build, a complex energy exchange 
which is not totally understood pro- 
duces a massive electrical field within 
the cloud. This energy field is divided 
into two parts: A positive charge is lo- 
cated towards the cold top of the 
cloud, and a negative charge in the 
lower portion of the cloud. Although the 
earth is usually negatively charged 
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this photographic portrait depicts a single lightning bolt emanating from a 
thunderhead which is illuminated by the soft evening light. (Fujichrome 50, 120 format, f/11, 45 
seconds with a neutral density 4 filter.) 


THE PHYSICS OF LIGHTNING 


with respect to the atmosphere, the 
negative charge at the bottom of the 
cloud causes the ground below to de- 
velop a positive charge, which follows 
the cloud along like a shadow. Be- 
cause opposite charges attract one 
another, the positive charge on the 
ground is attracted upwards towards 
the negative charge in the cloud. When 
the electrical field is sufficiently strong, 
the natural insulating properties of the 
surrounding air are overcome and a 
cloud to ground lightning stroke is initi- 
ated. This event begins as a discharge 
of electrons proceeds towards the 
ground in a series of steps. 

In less than a millionth of a second, 
what is called a “stepped leader” de- 
scends about 50 to 100 meters then 
stops for about a 50 millionth of a sec- 
ond before advancing again. 

Stepped leaders are very faint and 
usually invisible to the human eye. As 
the stepped leader approaches the 
ground, the surge of positive charges 
on the ground rushes up to meet the 
leader. When they meet a bright “return 
stroke’ flows upwards towards the 
cloud along the leaders path. The re- 
sult is a lightning bolt. 





Although it appears intensely bright, 
the return stroke is only a few cen- 
timeters wide. Nevertheless, this tiny 
electrical pathway is immensely power- 
ful. It travels from the ground to the 
cloud in about 1/10,000 of a second. Its 
temperature can reach 60,000 Fahren- 
heit and its current can exceed 100,000 
amperes. This is particularly im- 
pressive when you consider that the 
surface temperature of the sun is about 
11,000 °F and that a 100 watt light bulb 
consumes only one ampere. 

The exchange of energy takes place 
so fast that our eyes only see a continu- 
ous flash or just a flicker of bright light. 
Lightning can consist of a single 
stroke, but more often the leader-stroke 
process is repeated several times. This 
repeat performance occurs at intervals 
of about one ten-millionth of a second. 
The subsequent leaders are called 
dart leaders because they proceed 
through the same channels at a much 
higher speed. 

Many people are more frightened by 
the thunder than bythe actual lightning 
stroke. Thunder is caused by the rapid 
expansion of the super-heated air 
along the lightning channel. 
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2. Stay away from open doors and windows, 
fireplaces, radiators, stoves, metal pipes, sinks, 
and plug-in electrical appliances. 
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3. Don't use plug-in electrical equipment like 
hair dryers, electric tooth brushes, or electric 
razors during the storm. 


4. Don't use the telephone during the storm— 
lightning may strike telephone lines outside. 


COPPER- CLAD 
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5. Don't take laundry off the clothesline. 
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6. Don't work on fences, telephone or power 
lines, pipelines, or structural steel fabrication. 


7. Don't use metal objects like fishing rods and 
golf clubs. Golfers wearing cleated shoes are 
particularly good lightning rods. 
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8. Don't handle flammable materials in open 
Lightning bolts from a typical monsoon storm seen over Tucson. All the strikes occurred within one- containers. 


minute's time. (Fujichrome 50, 35mm format, f/8. 1 minute.) 
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9. Stop tractor work, especially when the tractor 
is pulling metal equipment, and dismount. Trac- 
tors and other implements in metallic contact 
with the ground are often struck by lightning. 











10. Get out of the water and off small boats. 
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11. Stay in your automobile if you are traveling. 
Automobiles offer excellent lightning protec- 
tion. 


12. Seek shelter in buildings. If no buildings are 
available, your best protection is a cave, ditch, 
canyon, or under head-high clumps of trees in 
open forest glades. 
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13. When there is no shelter, avoid the highest 
object in the area. If only isolated trees are 
nearby, your best protection is to crouch in the 
open, keeping twice as far away from isolated 
trees as the trees are high. 
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14. Avoid hill tops, open spaces, wire fences, 
metal clothes lines, exposed sheds, and any 
electrically-conductive, elevated objects. 
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15. When you feel the electrical charge—if your 
hair stands on end or your skin tingles—light- 
ning may be about to strike you. Drop to the 
ground immediately, 
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Based on material in “Lightning”, U.S. Depart- 


This colorful image was shot between bullets and bats in Southeast Arizona—see text. (Fujichrome 





Reprinted from “Lightning,” U.S. Dept. of Commerce, National Oceanic and Atmospheric Administration, 1973. 
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jury from the storm. 
My experience is that 
shooting lightning 
from a very close 
range with an exterior 
camera does not pro- 
duce good images, 
because of the asso- 
ciated rain and high 
winds. There is also 
the possibility that 
your equipment may 
be damaged by rain 
or blown over by 
gusty winds. A long 
lens is the safest way 
to get dramatic close- 
ups of lightning. 

To calculate the dis- 
tance between you 
and the lightning, 
count the seconds be- 
tween the flash and 
the thunder, then di- 
vide the figure by five 
to obtain a rough esti- 
mate of the distance 
in miles. For example, 
assume you count 15 
seconds between a 
lightning flash and 
the arrival of the 
thunder, 15 divided by 
5, the lightning was 3 
miles away. | usually 
pack up and move 
when the distance 
from the lightning is 
less than 10 miles. 

| approach every 
storm, no matter how 
small, with respect 
and caution. Every storm should 
be considered dangerous, even 
if there is little or no lightning 
occurring. Non-electrical dangers 
such as large hail, high winds, 
dust storms, flash flooding and 
even tornadoes can occur with 
little or no warning. Remember, a 
small storm can become very 
dangerous in only a few minutes. 

Even if you are several miles 
away from the main structure of 
the storm, or under the canopy of 
the storms anvil cloud, there is a 
possibility of being struck by a 
wandering bolt of lightning. | 
have witnessed and pho- 
tographed lightning strokes 
emanating from the top or side of 
a thunderhead and making 
ground contact many miles away. 

While you should never remain 
in a high or exposed area during 
a thunderstorm, it is essential 
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that you know that my experience 
and scientific data have shown 
that lightning does not always 
strike the tallest object in the 
area. Several very tall metal radio 
towers which were installed in the 
foothills of Tucson went through 
two thunderstorm seasons before 
either of the towers was struck by 
lightning. Both towers were much 
taller than other objects in the 
surrounding area. 

Some people who have survived 
lightning strikes or near misses 
have reported the pungent scent 
of ozone shortly before the strike. 
Others have reported that their 
hair stood on end or that their 
skin tingled just seconds before 
the lightning strike. | have seen 
metal objects such as street 
signs, sizzle and pop with static 
electricity shortly before nearby 
lightning activity. Any of these 


warning signs should 
be taken seriously. 

Safety researchers 
say if you experience 
any of these warning 
signs there is a good 
chance lightning may 
strike near you. You 
should squat down as 
low as possible. Never 
lie flat, because you 
are trying to limit the 
conductive area be- 
tween you and the 
ground. You may also 
want to cover your 
head with your hands 
to protect your ears 
and eyes from injury, 
which is common with 
near hits. Again, the 
best advice is to posi- 
tion yourself away 
from the storm so 
you'll never have to 
take these precau- 
tions. 

New research has 
shown that, if you are 
in a group of people 
struck by lightning, 
your chances of death 
or serious injury are 
higher if you have on 
your person metal ob- 
jects such as coins in 
your pockets, watch- 
es, and metal framed 


Lightning strikes a newly constructed high-rise building in downtown Tucson. glasses. | always play 
Sometimes lightning does hit the highest object. (Fujichrome 50, 35mm it safe by removing or 
format, f/8, less than two minutes.) 


replacing with non- 

conductive material 
all metal from my person while 
chasing storms. | have even re- 
moved the metal zippers and 
buttons from my clothing and 
replaced them with Velcro fas- 
teners. When you chase over 150 
storms per year, you try to reduce 
your chances of trouble as much 
as possible. 

Lightning photographers 
should never work alone. They 
should always set up their cam- 
eras some distance away from 
one another. Not only will this 
setup provide different pho- 
tographic prospectives, should 
one photographer be struck by 
lightning, the other could ren- 
der life-saving first aid. | have a 
mandatory rule that all of my 
storm-chasing crew members 
must be CPR certified. 

A person struck by lightning 
does not carry an electrical 
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and go on till you 

come to the end.” 
—Lewis Carroll, Alice in 
Wonderland. 


. our Jumbo 747 ripped 


through the blackness that 


cloaked the South Pacific. 
Inside the cockpit, the cap- 


‘tain: stood before me 


silhouetted against a nar- 
row row of windows 


~ sprinkled with stars; he had 
“kindly asked me there to 


view the night-sky with him. 
At first | felt honored, 


then dizzy and inadequate. 


The North Star was gone. 
Ni al=meldal=)e-m(=)a- mole laa itle 
An eternity passed as | 


M-idaviele|(-lemcemolt=jdlate[Uit-ja) 
’ one pattern from another. 
. Flustered, | turned to the 
»- Captain and said that | 
didn’t know the southern 
- sky; I'd never been south of 


the equator. He chuckled 


- ‘with a flush, then stared 
_- blankly out the window. He 


didn’t know them either. 
The bewilderment we ex- 
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40,000 feet is shared by all 


-- beginners to astronomy. 
ime Kolo) (iale me) em-|nem-1=1-] 1 91e pr) 
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gems strewn across the 
heavens can easily stir 
one’s imagination. But try- 
Tale muomalaye mn el0l an = \’ar-lealelare) 
them,.to make sense of the 
names and patterns cre- 
ated by skywatchers 
alolet-f-1ale|-e)m(-1-]a--\e [oF 
seems hopeless. Where do 
you start? 

'={=} {eo} ¢=Me le) {are Mela wa Moi |.<-m Ke) 
offer you some sage ad- 
vice: Don’t start by — 
investing hundreds or thou- 
i-t=) a{o {Mo} mee) it=|e-wlapee) 
ix=}(=|-{e(e) @]-Ma A (elt elolad mi al=\-19| 
it, not yet, anyway.) Many 
times beginners will buy 
folal=Male)e}iatemuar=imim iimelel(e(= 
them to the wonders of the 
universe they’ve seen in 
lelore) <p -Jallit=Tald Wee) (eo) @=10 
(ol (o]U[o [-Me} me t= \-ymer=|t-b4(- mn dian) 
spiraling arms, and craters 
on Mars. Too late they real- 
ize that unless they know 
where to point them, tele- 
scopes are useless. Also, 
the views aren’t what they 
expected: the gas clouds 
laF-\=M ale Mere) (e] ame t=] f=).4(=\-= 1 ke 
armless and faint, and the | 
only body that shows cra- 


tering is the Moon. The 


telescopes aresoonupfor 
sale, and the sky is blamed ee 


; for misleading them. 
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So how do you begin? First take 
a look deep inside yourself. Do the 
stars excite you? Most successful 
amateur astronomers love a 
clear, dark night; it gives them 
solace, inflames their emotions, 
and inspires them. Do you appre- 
ciate the heavens? True amateurs 
respect the beauty of the night 
sky and all that’s in it—no matter 
how faint, how dim, how fuzzy. 
Does the chance for discovery 
thrill you? Amateurs are eager to 
discover, yet patient in their pur- 
suits. 

Astronomy can be a most fulfill- 
ing and rewarding pastime. There 
are boundless celestial treasures 
to seek out for pleasure, and 
there is opportunity for discovery. 
In fact, some amateurs have 
made outstanding discoveries 
with nothing more than their eyes 
or binoculars—sometimes in 
most unusual ways. In 1975 Mil- 
waukee amateur Gerry Samolyk 
independently discovered a 
naked-eye nova (the brightest 
“new’ star in three decades) when 
he got out of his car after being 
in a minor accident. English ama- 
teur George Alcock discovered a 
bright comet in 1983 while looking 
through his bedroom window with 
a pair of binoculars. This comet 
made one of the closest ap- 
proaches to Earth in recorded 
history! And one of the greatest 
cosmic events of modern times— 
a supernova explosion—was first 
sighted without optical aide by 
several amateurs in the Southern 
Hemisphere. 

But there’s a message hidden in 
each of these stories: if you wish 
to make a discovery, you must 
first know the sky well. Most peo- 
ple, however, settle for less and 
are content knowing a few star 
and constellation names—just as 
they would want to know the 
names of certain birds, flowers, 
or anything else in nature. 

My goal then is to get you 
oriented to the night sky, so you 
can befriend some of the brighter 
stars visible this autumn. I'll also 
be giving you some background 
on some interesting non-stellar 
objects, so you can better appre- 
ciate the magnificence, power, 
and beauty of the universe that 
turns silently above us. 


Banish the Confusion 


Until you become oriented to 
the sky, you should try to do all 
your scheduled observing from 
one location. It's best to finda 
good observing site away from 
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The Celestial “W” in the constellation 
Cassiopeia lies in a delicate stream of 
stars belonging to an outer arm of our 
Milky Way galaxy. The Double Cluster 
(arrow) is a grand view in binoculars. 
(Harvard College Observatory 
photograph.) 








Through a telescope the Double Cluster 
appears as two knots in the fabric of 


space. (Mount Wilson Observatory 
photograph.) 


bothersome lights and with clear 
views of the horizon. Once settled, 
find the cardinal directions 
(north, south, east, and west). This 
is an important step in building 
sky awareness, because to find 
specific stars, you have to know 
where to look. 

A compass will help greatly. If 
you don’t have one, get to your 
site before sunset and note a 
landmark behind which the Sun 


sets. During September the Sun 
sets essentially due west (the 
point of sunset changes with the 
season). Extend your left arm 
sideways, so that it points to the 
setting Sun. Your body will now be 
facing north and your back south. 
Extend your right arm sideways 
and it wil! be pointing east. Note 
landmarks in all these directions. 

Observers frequently record the 
position of a naked-eye star or 
object by its azimuth and al- 
titude. Azimuth is a measurement 
along the horizon with 0 (or 360) 
degrees being north; east, 90 de- 
grees; south, 180 degrees; and 
west, 270 degrees. Altitude is a 
measurement from the horizon (0 
degrees) to the zenith, or the 
point directly overhead (90 de- 
grees). Thus, if a bright star is half 
way up in the east, it has an 
altitude of 45 degrees and an 
azimuth of 90 degrees. 

Your hands can be used to 
make fairly accurate measure- 
ments of altitude and azimuth. 
Close one eye and hold your fist 
at arms length, so that the thumb 
is toward the zenith. The amount 
of sky covered by the fist from 
little finger to thumb is approxi- 
mately 10 degrees. Half a fist, or 
the width of two extended fingers 
is 5 degrees. Measure a Star's 
altitude by estimating how many 
fists and fingers it is above the 
horizon; for measurements in 
azimuth, simply turn your fist 90 
degrees. 


Heavenly Motions 


The key to learning the stars 
well is to do it slowly and care- 
fully. There’s no need to rush; the 
stars will be around much longer 
than we will be. It is important, 
however, that you keep to some 
schedule. 

Strive to view around the same 
time each night. The stars move 
in unison across the heavens both 
hourly and daily. The hourly mo- 
tion is a result of the Earth 
rotating about an invisible axis 
once every 24 hours. So, just as 
the Sun and Moon rise and set, so 
do the stars. The stars move in 
arcs across the sky at a rate of 15 
degrees per hour. The stars you 
see due south at 8 PM. then will 
be different from the ones there 
at 12 PM. on the same night. 

Unlike the Sun and Moon, which 
we expect to move across the sky, 
there is something mystical about 
seeing the stars move. One 
winter's night | was sitting in my 
car when | noticed the brilliant 


been captured on film. Little did | 
know that on the second frame of 
a fifteen exposure roll was a pho- 
tograph of a lightning bolt 
making a direct hit on a light pole 
less than 400 feet away! | later 
learned that this photograph is 
one of the first which shows a 
lightning bolt in such detail. Even 
the junction of the upper and 
downward leaders can be seen. 
This image has been featured in 
Life, Globe, Weatherwise, Der 
Speigel (Germany), Panorama 
(Belgium), and several other inter- 
national publications. 


The Awakening 


My interest in lightning and se- 
vere weather began in my home 
town of Tucson. Growing up in the 
“lightning capital of the world,’ | 
developed a deep curiosity about 
the diverse weather of the South- 
west. After graduating from the 
University of Arizona in 1983, | 
worked as a photo journalist for 
wire services, magazines and 
newspapers. Eventually | started 
to cover weather-related stories 
as routine assignments. The more 
| photographed weather, the 
more interested | became in its 
phenomena. Each year | put more 
time into the research, forecast- 
ing, chasing and photography of 
storms. In 1988 | formed 
Weatherstock, the world’s first 
stock photography agency de- 
voted entirely to weather. 

| chase an average of 150 indi- 
vidual storms annually. In the 
spring | concentrate on severe 
and tornadic storms in the Mid- 
west. During summer | 
photograph thunderstorms and 
lightning in the Southwest. And in 
late summer or early fall i chase 
an occasional hurricane—the 
most dangerous storm to follow 
because of its enormous size and 
unpredictable nature. 

Despite the inherent dangers of 
my work, | do not feel that | would 
be truly satisfied doing anything 
else. This profession is perfect for 
me because it encompasses ev- 
erything which | enjoy doing. What 
| enjoy most is a challenge, and 
storm-chasing is certainly that! 
When | look at my photographs | 
have a deep feeling of satisfac- 
tion, because | know that | have 
captured something beautiful 
and powerful which would other- 
wise have been lost forever from 
our world. 

Though | have developed a 
strong appreciation of storms 
and their beauty, | have also 


All photographs in this article and front cover were taken by Warren Faidley—Weatherstock Photo. 





The author's title for this photograph is “Megabolt Il.” It was taken about two miles from the strike in 
the Tucson area. (Fujichrome 50, 120 format, f/11 at less than 30 seconds.) 


learned to respect the hardship 
and tragedy they can cause. In 
1987 | arrived in Saragosa, Texas, 
shortly after the devastating tor- 
nado which destroyed most of the 
town. That sobering event has 
helped me realize that there are 
many non-commercial applica- 
tions for my work. Consequently, 
every year | allow many of my 
photographs and much of the 
storm data | collect to be used for 
science research projects and 
both educational and safety pro- 
grams. 


| now turn to the dangers of 
capturing the awesome beauty of 
lightning on film. Remember that 
lightning is extremely dan- 
gerous. Therefore it is essential 
to stay well away from any storm 
you are photographing. A tele- 
photo lens will bring the action up 
close; however, it will not remove 
you from the danger. 

Lightning can be photographed 
from inside a car or safe shelter 
by a wireless remote or an air 
release. However, you will still be 
subjecting yourself to possible in- 
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One evening | positioned myself 
on the side of a hill in south- 
eastern Arizona to photograph a 
beautiful thunderhead rising up 
against an impressive sunset. | 
had just opened the shutter when 
| heard gunfire and the sound of 
ricocheting bullets screaming 
over my head. Some illegal 
shooters had decided to do some 
target practice on the opposite 
side of the hill. Deciding to remain 
and photograph the increasingly 
beautiful atmospheric display, | 
timed my exposures between 
their shooting and reloading. Fi- 
nally they stopped, and | was able 
to concentrate on the storm. It 
was almost dark when | began to 
hear a strange flapping noise 
around my head. | soon realized 
that | had unknowingly set up 
next to a small bat cave and the 
winged creatures were making 
their nightly exit, trying to avoid 
the guy with the camera! | ob- 
tained the lightning photograph 
that | wanted, and developed a 
great appreciation for the radar 
guidance system of bats. 

On another occasion I'll never 
forget, the roll and boom of the 
thunder from a large storm grew 
ever closer. Even from several 
miles away, the intensity of the 
lightning flashes proved that this 
was no ordinary Arizona thun- 
derstorm. 

The narrow upper section under 
a highway overpass from, where | 
had shot a previous storm, was 
the best vantage point to shoot 
this storm. The smell of rain grew 
stronger, and, as the storm ap- 
proached from the south, | 
realized that | would have to 
move quickly to the north end of 
the underpass for a rain-free per- 
spective. Crouched in a near 
sitting position, | slowly made my 
way toward the opposite end, 
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WARNING!! 


This article and the accompanying 
competition referred to in the panel en- 
titled “We Want Your Lightning Pho- 
tographs’ deals with and involves 
subject matter and the use of materials 
and substances that may be haz- 
ardous to health and life. Do not at- 
tempt to implement or use the 
information contained herein either for 
the purpose of entering into the com- 
petition described in the panel entitled 
“We Want Your Lightning Photographs” 
or any other purpose unless you are 
experienced and skilled with respect to 
such subject matter, materials and 
substances. Neither the publisher nor 
the author make any representations 
as to the accuracy of the information 
contained herein and disclaim any lia- 
bility for damages or injuries, whether 
caused by or as a result of efforts to 

enter the competition, referred to the 
panel entitled “We Want Your Lightning 
Photographs’, inaccuracies of the in- 
formation, misinterpretations of the di- 
rections, misapplication of the informa- 
tion or otherwise. 


fifty yards away. 

The darkness was occasionally 
illuminated by a flash of lightning 
which revealed, much to my dis- 
may, a new menace: The pathway 
was covered with a network of 
cobwebs and a number of angry 
black widow spiders which had 
been flushed out of their homes 
by the seeping rainfall. Using the 
tripod to clear a pathway through 
the webs, | made my way to the 
north end of the underpass. 





Lightning was now blasting all 
around me. | carefully moved 
about half way down the embank- 
ment and set up the tripod. Click! 
The camera’s shutter was opened, 
and now it was a waiting game. A 
minute passed but there were 
only a few flashes. | opened the 
shutter for a second attempt and 
decided to move up into the shel- 
ter of the underpass. | had taken 
only one step backwards when 
the sky broke lose and for an 
instant time stood still. 

A blinding flash was imme- 
diately followed by the crack- 
bang of a thunderclap which 
echoed throughout the under- 
pass and slowly faded into the 
sound of pouring rain. The air was 
thick with the pungent smell of 
ozone, a common occurrence 
after close lightning hits. 

| was so stunned | lost my foot- 
ing and began to slide down the 
embankment towards the tripod 
and camera with the shutter still 
open! | narrowly missed hitting 
the legs of the tripod, which 
would have ruined the unknown 
image. | regained by balance, 
reached over, and carefully 
closed the shutter. 

In all the confusion | had no real 
idea of where the lightning strike 
had occurred. 

As | drove home later that night, 
a bright vertical after-image 
which had been temporarily 
burned into my retina was my 
only hope that the event had 


This photo points out the danger of photographing lightning. Note the weak, but deadly, lightning 
stroke a few feet to the left of the camera tripod. You would have expected the bolt to strike the car or 
tripod, both of which are higher than the almost flat terrain. (Fujichrome 50, 35mm format, other 


data unrecorded.) 


star Sirius blink from view behind 
a thick branch of an oak tree. 
Several minutes later | saw the 
star suddenly appear on the 
other side of the branch. A won- 
derful feeling stirred deep inside 
me: | saw the Earth rotate! Years 
later | learned that Henry David 
Thoreau had the same experience 
more than a century ago. 

Since the Earth is also orbiting 
the Sun, completing one revolu- 
tion in 365 days, our perspective 
of the night sky changes daily. The 
entire starry sky shifts westward 
each day by about 1 degree. 
Therefore the stars rise earlier 
each night. This tiny movement 
adds up. For instance, a star ris- 
ing in the eastern sky at 8 RM. on 
December 1st will be setting in the 
western sky around 8 PM. on June 
ist. 

One way to see how the stars 
parade across the night sky is to 
use a star wheel or planisphere 
(available at most major plan- 


HOW BRIGHT IS A STAR? 


More than 2,000 years ago the Greek 
astronomer Hipparchus created a 
brightness scale for the stars visible to 
the naked eye. The brightest stars in 
his system were 0 magnitude; the fain- 
test, 6th. Since then the system has 
been revised. The 19th century astron- 
omer R. Pogson determined that a star 
of ist magnitude is 100 times brighter 
than one of 6th. So a star of 1st magni- 
tude is 2-1/2 times brighter than a star 
of 2nd magnitude. A 2nd-magnitude 
star is 2-1/2 times brighter than a 3rd- 
magnitude star, and so on. Stars of in- 
creasing faintness then have higher 
numbers. 

Some stars, planets, and other ce- 
lestial bodies can have minus magni- 
tudes, because they are so bright. The 
Sun, for example, is about magnitude 
-27, and the full Moon is -13. The fain- 
test stars visible to a person with aver- 
age eyesight are around 6th. Bin- 
oculars will show stars to about 9th 
magnitude, while moderately sized 
backyard telescopes can reach 14th 
magnitude. The largest earth-based 
telescopes, however, see to about 
22nd magnitude. And the Hubble 
Space Telescope is expected to see 
objects as faint as 28th. 

The table below shows the magni- 
tudes of stars discussed in the accom- 
panying article. 


Star Name Magnitude 
Alcor 4.0 
Altair 0.8 
Arcturus -0.04 
Deneb 1:25 
Mizar 23 
Polaris 2.0 
Vega 0.0 





Supergiant Deneb (arrow) is some 1,600 light years away and is one of the most 
brilliant stars in the night sky. Note the cloud of stars and gas to its left, known to 
astronomers as the North American nebula. Deneb is also the top of the Northern 


Cross, which is outlined here. 


etariums and science shops). A 
planisphere is a rotating wheel 
with a mask showing all the con- 
stellations and brightest stars 
visible from a given latitude on 
any date and at any time of the 
year. By turning the wheel and 
matching the appropriate date 
and time, observers can easily 
find which stars are visible above 
their horizon. 

The planisphere can also help 
you anticipate which stars and 
constellations will be visible dur- 
ing the four seasons. Each spring, 
for example, the delicate veil of 
our Milky Way hugs the horizon, 
and constellations like Ursa Major 
the great bear and Leo the lion 
are at their highest. The summer 
sky carries the heart of the Milky 
Way into view, as well as three 
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brilliant, blue gems that comprise 
the Summer Triangle. Fall sees 
the return of the Great Square of 
Pegasus and our galaxy’s nearest 
neighbor in space, the An- 
dromeda galaxy. And winter, with 
its crisp, clear nights spotlights 
Orion the Hunter and the Great 
Winter Circle of bright, colorful 
stars. 


Order from Chaos 


To start your sky tour, face 
north. Here, many stars will circle 
our pole star but never set. 

Despite popular belief, the 
North Star, Polaris, is not the 
brightest star in the sky. In fact, it 
ranks as 49th (Sirius, the Dog Star 
near Orion is the brightest). The 
North Star is famous because Ear- 
th’s imaginary north pole points 
to it. Therefore it remains station- 
ary while all the other stars circle 
it. Polaris also hangs as a solitary 
beacon, since no stars near it 
compare in brightness, and it has 
helped navigators throughout his- 
tory. 

There is a trick to finding the 
North Star, as long as you are 
north of the equator. Its altitude 
is the same as your latitude on 
Earth: if you live at 40 degrees 
north latitude, Polaris is 40 de- 
grees above your horizon; if you 
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were to live at the North Pole, it 
would be directly overhead. Try 
using your fists to locate Polaris 
from your latitude. Look for a 
fairly conspicuous, yellowish star. 

Beginners are usually told to 
find the North Star by using the 
outermost stars of the bowl of the 
Big Dipper as pointers (going 
from the bottom of the bowl, 
through the top, and onward). 
This method works as long as you 
know how to find the Big Dipper, 
and it’s clearly in view. Although it 
never sets from mid-northern lati- 
tudes, the Big Dipper is low in the 
northwestern sky during Sep- 
tember, and it can easily be 
blocked by trees or buildings. 

If you imagine the north sky to 
be the face of a clock with Polaris 
at the center, it’s easy to work 
backwards to locate the Big Dip- 
per. At 9 PM. during September, 
the Big Dipper will be at the 8 
o’clock position three fists away 
from Polaris. The bottom of the 
bowl will almost be parallel to the 
horizon. 

The Big Dipper appears so 
prominent because most of its 
stars are of about the same 
brightness. This is not purely 
chance. The five central stars are 
all about 75 light years away from 
our Sun (1 light year equals 6 
trillion miles). They are also mov- 
ing together through space as a 
group; indeed, this group of stars 
is the nearest star cluster to our 
Sun. 

The second star from the tip of 
the Dipper’s handle is a fine 
naked-eye double star—two stars 
not physically bound together by 
gravity but in the same line of 
sight. The brightest star is Mizar, 
the fainter one Alcor. Although 
they appear close together, these 
stars are actually about a quarter 
of a light year apart. 

Return your gaze to Polaris. 
Now look 30 degrees away toward 
the 3 o’clock position. You should 
see another bright grouping of 
stars that form a wide “W’ whose 
base is tilted about 90 degrees to 
the right. This is part of the con- 
stellation Cassiopeia, the 
mythological vain Queen of Ethi- 
Opia. The Celestial *W’ is an 
asterism, a familiar pattern of 
stars. (The Big Dipper is also an 
asterism; it’s part of the con- 
stellation Ursa Major.) Cassiopeia 
lies in a rich arm of our Milky Way 
galaxy. If you own binoculars, 
scan Cassiopeia for tiny clusters 
of stars. Some might look like 
hazes, but if you look long and 
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The Adventures 
Of A Lightning 


Photographer 


Snapping photos of lightning storms can 

be hair raising in more than one way. 

The science of a successful lightning 

storm shoot is based on careful preparation, 
a cooperative storm, ample patience 

and extreme caution! 
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hard enough, you should see 
them as a peppering of faint 
stars. 

The finest of all these galactic 
clusters lies about a fist anda 
half from the lowest star in the 
“W’ toward the 4 o'clock position. 
In fact, it is two clusters side by 
side. The Double Cluster is one of 
the most impressive sights in the 
heavens when seen through a 
telescope. Astronomer William 
Tyler Olcott described the view 
accurately: “The field is simply 
sown with scintillating stars, and 
the contrasting colors are very 
beautiful.” It is also extremely dis- 
tant, some 8,000 light years away! 
How anything so distant can be 
so beautiful is one of the great 
paradoxes of the night sky. 


September: Colorful Stars 
and Distant Galaxy 


When we look at the night sky 
we look into the past. The stars 
appear to be painted onto a two- 
dimensional cosmic tapestry, but 
they are really light years apart. 
Three stars in the September 
skies demonstrate this point most 
dramatically. Face south at 10 RM. 
and look overhead. Two brilliant 
blue-white stars will blaze on ei- 
ther side of the zenith. They form 
the base of an immense triangle 
with another bright blue star, 
which forms the triangle’s apex 
some 30 degrees toward the 
southern horizon. 

Deneb, the eastern most of the 
two stars overhead, is 1,600 light 
years away. Vega, on the other 
hand, is only 26 light years dis- 
tant, while Altair is merely 16! How 
can Deneb be so bright but be so 
far away? Because it’s one of the 
greatest supergiant stars known! 
It is about 60,000 times more 
brilliant than our Sun. If our Sun 
were at the distance of Deneb, 
you would need a moderately 
powerful telescope to see it. 

Hugging the western horizon 
after sunset is another sparkling 
jewel—Arcturus. | will never see 
Arcturus as just another star. To 
me it holds a greater signifi- 
cance. One day | got a call at work 
from a man who said he was 
dying. The previous night he had 
seen a bright, topaz star shining 
through his hospital-room win- 
dow. He recognized it as a star he 
once saw in his childhood and 
wondered if | knew its name. | told 
him it was Arcturus, the Hawaiian 
star of gladness. He thanked me 
and slowly hung up the phone. 
Why, | wondered, did he wait so 





The Big Dipper is not a constellation. It is an asterism or familiar pattern of stars. 
The Dipper is part of the much more extensive constellation Ursa Major, the Great 


Bear. (Painting by D. Owen Stephens.) 


long to befriend that star? 

Arcturus is certainly remark- 
able. When the “Century of 
Progress’ exhibit opened in Chi- 
cago in 1933, telescopes focused 
the light from Arcturus onto pho- 
toelectric cells. The current 
generated was enough to acti- 
vate a switch that turned on the 
floodlights at the exposition 
grounds. Arcturus is about 37 
light years away and shines with 
a reddish-orange hue. Can you 
pick out the Northern Crown of 
the heavens about 20 degrees 
above Arcturus? 

Halfway up in the eastern sky 
are four similarly bright stars ina 
great square, some 15 degrees 
wide. This is the body of the 
mythological winged horse 
Pegasus. See if you can find the 
horse’s neck and head. A hint: the 
horse flies upside-down, heading 
south of the zenith. If you live 
under a dark sky you’re lucky. 
Look about 15 degrees off the 
lower left hand corner of the 
square toward the 9 o'clock posi- 
tion. If you see a dim, fuzzy 
object, you are looking 2 million 
light years away at the great 
Andromeda galaxy—an island 
universe much like our own Milky 
Way galaxy. Binoculars will show it 
as an elongated train of smoke; 


its feeble glow is the accumula- 
tion of light from hundreds of 
thousands of suns. 

Only one planet is easily visible 
to the naked eye after sunset in 
September. Although it is not 
spectacularly bright, Saturn is ir- 
refutably the most stunning 
planet in even the smallest of 
telescopes. Look for it as a yellow- 
ish star in the south-southwest 
about 25 degrees above the hori- 
zon. It will be the brightest object 
in that part of the sky, which is, by 
the way, just east of the hub of 
our Milky Way galaxy. You can 
easily locate the ringed planet on 
September 1st. That night it will 
be just above the first-quarter 
Moon; quite a showstopper for 
people using binoculars or a 
small telescope with a wide field 
of view. 

If you carefully compare the 
light of Saturn with that of any 
star, you'll notice a curious dis- 
crepancy. Saturn does not 
“twinkle” like the surrounding 
stars. In fact, none of the planets 
do. The stars are so distant that 
no matter how much magnifica- 
tion you use, they will always 
appear as pinpoints of light. Thus 
they are subject to the whims of 
our constantly moving atmo- 
sphere, which causes starlight to 
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dance around and appear to 
sparkle. Planets, on the other 
hand, are nearby and have discs. 
So even though their light moves 
about, there remains a central 
concentration of light that usually 
remains steady. 


October and November: 
Two Star Clusters and Mars 


During October, Arcturus will 
slip from view in the west. Deneb 
and Vega will sink from their 
perch at the zenith. And the Great 
Square of Pegasus will gain al- 
titude in the east. When 
November rolls around, the night 
sky, when seen just after sunset, 
will have some wondrous new 
sights glistening above the east- 
ern horizon. 

Most notable will be a striking 
gathering of two star clusters and 
the planet Mars. Blazing inexora- 
bly with a rich ocher hue, Mars, 


the mysterious Red Planet, once 
nurtured the imagination of 
countless Victorian writers and 
artists who believed in the pos- 
sibility of intelligent life there. 
Mars makes a close approach to 
Earth on November 20th, when it 
will be only 48 million miles away. 
Mars will not appear as promi- 
nent again to Northern 
Hemisphere viewers until the next 
century, so don’t miss out. Look 
due east at 9 RM. There'll be no 
mistaking Mars, for it will shine as 
the brightest “star” in the eastern 
sky. 

Just a fist-width to the upper 
left of Mars is a tight grouping of 
stars called the Pleiades. Fre- 
quently mistaken for the Little 
Dipper, this clustering of stars is 
commonly known as the Seven 
Sisters. Justly revered by poets 
throughout antiquity, the Pleiades 
is the grande dame of all naked- 


BUYING BINOCULARS 


Beginners to astronomy should shy 
away from purchasing telescopes until 
they've explored the universe through 
binoculars. These simple instruments 
help you get accustomed to views 
more powerful than the naked eye, but 
with fields wide enough to scan the 
skies without the confusion introduced 
by telescopes. Not only are images up- 
side down, but they are magnified. So 
faint stars seem bright, making the task 
of discerning one naked-eye star from 
the next difficult. And because the 
fields are also narrow, it takes a certain 
acquired skill to point the instrument 
accurately. Of course, there's nothing 
wrong with learning by trial and error, 
as long as you have the patience. 

| strongly encourage you to test your 
skills first with binoculars. They're the 
next logical step toward learning about 
a sky thal geis increasingly compiex 
the deeper you go. In this respect, as- 
tronomy is much like swimming: If 
you've never done it before, it's best to 
wallow in the shallows until you're ready 
for deeper water. — 

Besides, a good pair of binoculars 
opens an entirely new world that was 
invisible to your unaided eyes. In our 
solar system alone, binoculars can 
show you craters on the Moon, the 
tings of Saturn, phases of Venus, 
moons of Jupiter, the planets Uranus 
and Neptune, asteroids, and comets 


with tails. Double stars increase in . 


number when using binoculars. There 
are hundreds of stars that periodically 
change in brightness within binocular 
range. And many star clusters and gal- 
axies can be seen, although finding 
many of these objects require the skills 
of a telescopic observer. The dif- 
ference is that a telescope will bring 
these objects closer once they're 
found. — 


Science Probe!, November, 1990 


So what kind of binoculars should 
you buy? What constitutes a good pair? 
The first thing you'll notice when shop- 
ping is that binoculars come in different 
shapes and sizes. The shape is not 
important, select a pair to your liking. 
The size, however is important. Most 
binoculars will have labels such as 
7x36, 7x50, 8x30, 10x50, 11x80. 

The first number in each pair is the 
magnification; the second number is 
the size of the lens in millimeters. Thus, 
7x35 binoculars have lenses with a 
diameter of 35mm, and eyepieces that 
magnify the image 7 times. 

Large-diameter binoculars are 
heavy, and some even require a tripod. 
Consider this when selecting because 
when you re observing you have to hold 
the binoculars for extended periods of 
time. Your arms will get tired. Most be- 
ginners select either 7x35 or 7 x50 
binoculars. 

Never buy binoculars that you cant 
return if they're faulty. Look for these 
three warning signs: coma, vignetting, 
and chromatic aberration. All are ar 
tifacts of poorly ground glass. Coma 
makes the stars appear butterfly- 
shaped. The ‘butterflies’ get pro- 
gressively worse away from the center 
of the field. You can live with coma on 
the extreme edges, but not throughout 
the entire field. Remember, stars 
should be perfect pinpoints of light. Vi- 
gnetting is a gradual darkening across 
the field, while bad chromatic aberra- 
tion shows up as rings of color, es- 
pecially red, around each star. lf your 
binoculars suffer badly from any of 
these effects, return them and try an- 
other pair or brand. 


Suggested reading: Astronomy with 
Binoculars by James Muirden (Arco 
Publishing) - 


eye celestial beauties. Often 
quoted is Tennyson’s reference to 
it in Locksley Hall: 


Many a night from yonder ivied 
casement, 
ere | went to rest. 
Did | look on Great Orion, sloping 
slowly 
to the west. 
Many a night | saw the Pleiads, 
rising thro’ the mellow shade, 
Glitter like a swarm of fireflies 
tangled in a silver braid. 


The Seven Sisters do appear 
tangled to the naked eye, though 
a pair of binoculars will help you 
separate them. With binoculars, 
the number of cluster members 
increases dramatically. Suddenly 
the Pleiades appear as hundreds 
of sparkling diamonds scattered 
against a black-velvet sky. A good 
telescope (under very dark skies) 
will reveal the entire cluster to be 
laced with faint threads of 
nebulosity—remnants of the 
swaddling cloth of gas and dust 
from which these stars were born. 

When you look at the Pleiades, 
consider its distance of 406 light 
years. The light you see this 
November actually left the cluster 
two years after Shakespeare mar- 
ried, the year when William the 
Silent, Prince of Orange, was mur- 
dered, and three years after 
Catherine de Medicis introduced 
ballet into France. 

In the Middle Ages, the mid- 
night culmination of the Pleiades 
(the date when the cluster is high- 
est in the sky at midnight) 
became the traditional date of 
the witches sabbath, still cele- 
brated today as Halloween. Also 
for trivia buffs, the Japanese 
word Subaru means Pleiades; fit- 
tingly, it is the insignia on the 
back of Subaru cars. 

Turn back to Mars and look 
about a fist width to its lower left. 
Do you see a group of stars ina 
“Vv” pattern, with the bottom an- 
gled toward the 2 o'clock 
position? This is the Hyades star 
cluster, the face of Taurus the 
Bull. The brightest star in the 
group, Aldebaran, is a giant or- 
ange star with a diameter about 
40 times that of our Sun. Its color 
appears orange to most obser- 
vers, though some see it as ruby 
red, or rose. Don’t confuse this 
reddish star with Mars, which will 
be brighter and yellower than 
Aldebaran. 

At a distance of 68 light years, 
Aldebaran is not a true member 
of the Hyades star cluster; it just 





A quartz crystal as it appears when removed from the ground. The black 


spots are impurities in the crystal. 


bicarbonate, or borax. How do 
their crystals differ in shape and 
size? (Caution: These crystals are 
not edible! If you are growing 
different strings of crystals at the 
same time, always label the glass 
containers so you don’t get them 
mixed up.) 


Useful and 
Valuable Crystals 


Some of the most costly crystals 
are gems—diamonds, rubies, 
emeralds, agates, amethysts, and 
sapphires are all crystals. When 
you look at a diamond or other 
gem set in a ring, the flat faces, 
or facets, that you see are not the 
natural crystal faces. They have 
been artificially cut (ground and 
polished) by a jeweler to produce 
the most sparkle. 

Crystals have many uses be- 
sides jewelry. They are used in 
industrial applications, especially 
cutting and polishing. Diamond 
Saws are used to cut microchips 
for computers and diamond dust 


is used to polish glass and other 
hard substances. g 
When quartz crystals are 
pressed or stretched, an electric 
voltage develops across the crys- 
tal. That is called the 
piezoelectric effect and it was 
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Figure 2. All the equipment you need to 
grow a string of crystals is a glass or jar, 
string, and a paper clip. 





Rock-candy crystals are made by placing a cotton fiber wick in a supersaturated 
solution of water and sugar. 


LIQUID CRYSTALS 


Some kinds of matter have more order 
to their structure than liquids or gases, 
but less than true crystals. These are 
called liquid crystals because they flow 
like liquids, but their atoms or mole- 
cules may be arranged in a particular 
order. 

Certain liquid crystals allow light to 
pass through them like a window when 
their crystals are positioned in a ran- 
dom state. But when an electric current 
is applied, the crystals are temporarily 

| rearranged in an orderly manner so 
light cannot pass through. Only those 
parts of the liquid crystal where the cur 
tent is not applied remain clear. 

Liquid crystal displays, known as 
LCDs, are used in many watches and 
calculators. The numbers seen on the 
faces of these devices are made up of 

small segments containing liquid crys- 
tals. Tiny circuits inside the device con- 
trol the current sent to each segment of 

' the LCD, sending electric currents into 
some segments but not others, so that 
the correct numbers become visible at 
the proper time. 


discovered by Pierre Curie in 1880. 
If a changing voltage is applied to 
the crystal, the opposite happens: 
the crystal expands and con- 
tracts. These expansions and 
contractions take place a certain 
number of times per second 
which is called the natural fre- 
quency of the crystal. The exact 
frequency depends on how the 
crystal has been cut. Properly cut 
plates of quartz crystal that are 
very thin may have frequencies of 
millions of tiny vibrations per sec- 
ond. 

That phenomenon has many 
uses. It is used to control radio 
wave frequencies and other elec- 
tronic communication, for 
instance. The fact that a radio or 
TV station broadcasts at a given 
frequency or certain spot on the 
dial is due to the particular crys- 
tal that is used. 

Although they don’t possess 
magical properties, crystals are 
certainly intriguing, beautiful to 
look at, and extremely useful to 
us. If you would like to find out 
more about them, check your lo- 
cal library for books on 
crystallography and minerals. 
Gem shops, souvenir shops, and 
nature stores often have good 
selections of crystals on display. 
Since they are so popular right 
now, this could be a good time to 
start a crystal collection! * 
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This natural quartz formation was found 
at a crystal mine in Hot Springs, 
Arkansas. 


atmosphere. The most common 
crystal, quartz, is formed when 
hot, molten volcanic rock cools 
and crystallizes. Quartz can also 
crystallize out of cold or hot liquid 
solutions in the Earth's crust. 


Growing Your Own Crystals 


The easiest way to grow large 
crystals at home is from a super- 
saturated solution. In that 
method a crystalline substance is 


A CRYSTAL TELLS TIME 


You may be wearing a crystal on your 
wrist, if you have a quartz watch. What 
does a crystal have to do with telling 
_time? It works like this. A tiny bar of 
quartz crystal is made to vibrate at its 
natural frequency by using energy 
from the watch’s battery. A small com- 
puter chip in the watch counts the 
vibrations and translates them into 
seconds, minutes, hours, days, etc. If 
your watch is a digital display watch— 
that is, it has no moving hands, just 
numbers that display on the watch 
face—other circuits in the watch trans- 
late the time information directly into an 
electronic display, such as a liquid- 
crystal display (LCD). Even an inex- 
pensive quartz watch can be accurate 
to within one minute a year. 
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dissolved in water. Then the water 
is allowed to slowly evaporate. 
The trick is to create conditions 
so that the separated particles in 
the solution are able to get back 
together in the most natural way. 
It’s fun to try several common 
household substances to see the 
different crystalline shapes which 
result. 

Epsom crystals. Here's a recipe 


for making delicate crystal forma- 


tions from magnesium sulfate, 
commonly known as Epsom salts. 
Add % cup of Epsom salts to % 





This string of salt crystals was grown 
using the “string-in-glass’ method. You 
can clearly see the four-sided structure 
in the reflection at the center of the 
photo. 


cup of hot water in a shallow dish. 
Stir well. Put in a quiet place for 
several hours, overnight if possi- 
ble. One or more crystals will be 
floating on the surface. Carefully 
pick them out and display them 
on colored paper. 

Crystals on a string. This experi- 
ment is always a popular one, 
probably because it’s good to eat! 
Heat some water and pour it into 
a clean glass or jar. Add granu- 
lated sugar to the water and stir 
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until the sugar dissolves. (Heating 
the water lets the sugar dissolve 
more easily and also lets the 
water hold more sugar.) Continue 
to add sugar until some of the 
sugar sinks to the bottom of the 
glass and won't dissolve in the 
water. When that happens, the 
solution is said to be 
supersaturated. 

Be sure your solution is really 
supersaturated. The first time | 
tried this experiment, | followed a 
“recipe” which called for 13/4 cups 
of sugar in 1 cup of water. That 
amount of sugar didn’t super- 
saturate the solution and no 
crystals grew. 

If you like special effects, add 
some food coloring to the liquid. 
Then, tie a clean piece of string to 
a pencil (or any other convenient 
support) and tie a clean paper 
clip to the bottom of the string as 
a weight. Place the pencil across 
the top of the glass so that the 
string is submerged in the sugar- 
water solution. See Figure 2. Let it 
sit undisturbed. Small crystals 
may begin to grow on the string 
in a few hours, but it will take 
several days for large crystals to 
show up. If the water evaporates 
fast, they will be smaller. These 
crystals are also called rock can- 
dy. You can preserve them by 
taking the crystals out of the solu- 
tion and keeping them dry. But 
you might find that it’s hard to 
keep them out of your mouth! 

Try the same “string-in-glass” 
technique with other household 
substances such as salt, sodium 





Epsom salts grow lovely and delicate 
crystals. They make an excellent 
addition to a beginning collection. 





The Andromeda galaxy can be seen without optical aid from a dark sky. A pair, of 
binoculars will show it much as it does in this photograph. Another galaxy can be 
seen below Andromeda near the bottom of the frame. The lower left hand corner of 
the Great Square of Pegasus is arrowed, while guidestars to the Andromeda galaxy 
are outlined. (Photograph by WA. Feibelman.) 


The stunning Pleiades star cluster and its associated nebulosity, which shines by 
reflected starlight. (Photograph by James E. Gunn, courtesy Sky & Telescope 
magazine.) 








looks that way. That swarm of 
stars is more than twice as dis- 
tant (150 light years away). 


On Your Own 


There is a limit as to what any 
one article can teach you about 
the night sky. It’s like having a 
friend help you move to a new 
neighborhood. A friend can help 
you get organized, orient you toa 
few key places of interest, and 
even keep you company during a 
lonely evening. But you cannot 
solely rely on that person to show 
you everything. You have to get 
out and explore on your own. It’s 
no different with the night sky. 

Furthering the analogy, the best 
way to learn what’s around town 
is to read a guidebook. So to 
learn more about the sky, you 
must read. Here are three great 
starters: The Sky Observer's Guide 
by Mayall, Mayall, and Wyckoff (a 
Golden Guide); The Star Guide by 
Steven L. Beyer (Little Brown); and 
NightWatch by Terence Dickinson 
(Camden House). Of course, you 
should also consider buying a 
planisphere (specific for your lati- 
tude) and a good pair of 
binoculars. 

| also suggest that you join a 
local astronomy club, or start one 
of your own (find out if there’s an 
interest in your community; that 
way you can learn with people 
who share a common interest). 
Each September, Sky & Telescope 
magazine includes a nationwide 
guide to clubs, planetariums, and 
observatories. The September is- 
sue also lists dealers and 
manufacturers of astronomical 
telescopes and equipment. Club 
members not only offer you com- 
panionship, but also advice on 
what equipment to purchase 
when you feel ready. 

Astronomy clubs are an invalu- 
able resource. When my Jumbo 
747 finally did land on the South 
Pacific island of New Zealand, 
despair rushed through me. Over- 
head was a new celestial 
neighborhood that had too much 
to offer a transient. But soon | 
found myself in the company of 
local amateurs who eagerly 
pointed out sights that will re- 
main forever etched in my 
memory. It was a whirlwind tour of 
the heavens that rekindled emo- 
tions | hadn’t felt since childhood. 
| can only hope that readers of 
this article will someday experi- 
ence the same wonders of the 
universe that have held my heart 
captive for decades. cS 
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REMEMBERING C. L. STONG 








f amateur scientists have a 

patron saint, it could not be 

anyone other than C. L. Stong. 

He conducted the column titled 
"The Amateur Scientist’ for 
Scientific American for 20 years, 
from 1955 until his death in 1975. 
But more than that, he was him- 
self the consummate amateur. 

The initials C. L. stood for Clair 
Leroy, but scarcely anyone knew 
it. In any case either name would 
have been too square for such a 
three-dimensional man. His real 
name was Red, after a pleasing 
coloration of hair and complex- 
ion. So firmly fastened was the 
nickname that when he died, the 
obituary headline in The New York 
Times was “Red Stong, Wrote Col- 
umn on Science.’ In what follows, 
therefore, it would be a crime 
against nature for me to use any 
name but Red. 

| first met Red in 1945, when | 
was a Staff writer for Life and had 
just been moved into the science 
editorship of the magazine. My 
predecessor, Gerard Piel, told me 
about a remarkable fellow at the 
Western Electric Company who 
not only seemed to know every- 
thing about science but also was 
willing to drop whatever he was 
doing to lend journalists a help- 
ing hand. As an example, Piel 
thought it would be nice if Life 
could reenact in photographs the 
famous experiments of the 1880's 
by which Heinrich Hertz demon- 
strated the existence of radio 
waves. Red leapt into the breach 
and helped Life build the appara- 
tus according to Hertz’s original 
drawings. 


Getting Acquainted 


The first big science story | had 
to write for Life in 1945 was about 
radar, which up to that time had 
been a military secret. Red gave 
me a great deal of help with the 
story, particularly in explaining 
how a magnetron works. The sec- 
ond big story | had to write was 
about the atomic bomb, which up 
to the day of Hiroshima was a far 
better-kept secret than radar. Like 





*Dennis Flanagan was editor of Scientific 
American from 1947 to 1984. He is the 
author of Flanagan’s Version: A Spectators 
Guide to Science on the Eve of the 21st 
Century (Knopf, 1988). 





Summary 


Many amateur scientists trace 
their interest in hands-on science 
to “The Amateur Scientist” 
department in Scientific American 
magazine. C.L. Stong conducted 
the department for nearly two 
decades, along the way disclosing 
in careful detail how to blow glass, 
detect earthquakes, build lasers, 
and construct a wind tunnel. As 
noted in the obituary that 
accompanied his final 
contribution in February 1976, 
“Stong was the amateur scientist 
personified.” Here Dennis 
Flanagan, the editor of Scientific 
American from 1947 to 1984, 
remembers his longtime friend. 


This premier issue of Science 
Probe! is dedicated to the memory 
of C.L. Stong, the consummate 
amateur scientist. 





nearly all other science jour- 
nalists, | Knew nothing about the 
bomb, and as a reflex | again 
turned to Red. He didn’t know 
anything about it either, but since 
he did know something about 
physics, he was able to help me 
figure out what was going on. In 
the course of doing so he intro- 
duced me to the quantum- 
mechanical picture of the elec- 
tron and the atom, a concept | 
had carefully avoided in the 
course of a liberal arts education. 


Red's Roots 


Red knew such things because 
he had studied electrical engi- 
neering at the University of 
Minnesota. Lacking money, like 
most other people at the time, he 
put himself through college by 
giving people airplane rides in 
the famous Curtiss biplane called 
the “Jenny.” One of his flying ac- 
quaintances was a guy they all 
knew as Slim. He was Charles E. 
Lindbergh, who not too long after- 
ward was the first person to fly 
nonstop from New York to Paris. 

Red worked for Western Elec- 
tric, the manufacturing end of the 
Bell system, in various capacities, 
including installing sound equip- 


ment for the first talking movies. 
He once told me that the theater 
projectionists were so grateful for 
his work that they made him a life 
member of their union. It wasn’t 
an honorary membership, either; 
according to the rules he could 
have walked into any movie the- 
ater in the country and bumped 
off the job anyone who had less 
seniority than he did. He never 
availed himself of the privilege, 
which in the horrible job market 
of the Great Depression was like 
having a large sum of money in 
the bank. 

Red always liked to write, and 
so in due course he moved into 
the writing end of Western Elec- 
tric. That was the department in 
charge of answering questions 
about the company from the out- 
side world and of telling the 
outside world whatever the com- 
pany wanted to tell it. Red had a 
big job in the department; his 
title was Information Manager. 
Therefore it was not entirely ex- 
tracurricular for him to be 
answering questions for igno- 
ramuses like me. What made Red 
unique was that he would answer 
questions not only about ac- 
tivities at Western Electric, Bell 
Laboratories or the telephone 
company, but also about almost 
everything else. 


A New Horizon 


In 1947 | left Life in order to join 
Gerard Piel and Donald H. Miller, 
Jr., in launching a new version of 
the venerable Scientific American. 
Red participated in many of our 
discussions of what the new mag- 
azine would be like. After the first 
issue appeared in 1948 we con- 
tinued to see a great deal of him. 

Scientific American already had 
an amateur-science department, 
but it dealt only with amateur 
telescope-making. Red had in fact 
been one of its eager readers. He 
built his own telescopes, and 
once he said to me: “I just love to 
rub glass.” He was referring to the 
fact that in order for amateur 
telescope-makers to get the right 
paraboloidal figure on a mirror 
they must interminably rub the 
surface with increasingly fine 
grades of abrasive, down to op- 
tical rouge. It was Red who first 
pointed out to me that amateur 
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Wanted! Science Fair 
Project Reports 


ave you prepared a quality 

science fair project report? Do 

you know of a friend or stu- 

dent who has prepared such a 
report? Science Probe! magazine is 
anxious to acquire copies of well- 
prepared science fair project re- 
ports to add to our Science Fair 
Library. 

By sending us your report, you 
give us permission to mention your 
project and possibly to quote from 
your report in the pages of Science 
Probe! magazine. We will not, how- 
ever, publish your report in its 
entirety without first receiving your 
permission. Reports that we publish 
automatically receive the Science 
Probe! Science Fair Award and a 
check for $100. 

All submissions become the prop- 
erty of Science Probe, Inc. and 
cannot be returned. Therefore, 
please do not send one-of-a-kind 
photographs, posters, samples, ar- 
tifacts and the like. 

Please make a photocopy of this 
page and type or neatly print all 
the requested information on the 
accompanying form. Send the com- 
pleted form with your report. Thank 
you for your contribution to the 
Science Probe! Science Fair Library. 

















OFF-CAMPUS 


DEGREE EROGRAM 
FOR 
ACCOMPLISHED PROFESSIONALS 


(  alifornia Coast University’s home study programs can help you earn a 
recognized Bachelors, Masters, or Doctoral degree without mandatory 
classroom or seminar attendance requirements. 


Students may receive additional academic credit towards their degree for work 
experience, specialized training, military schools, seminars professional, vo- 
cational training, and credentials. 


Degree programs were developed with the busy professional in mind. Register 
and enroll at any time, complete any remaining requirements as rapidly your 
time and ability permit, at home, or while traveling. 


Many of our graduates have completed their programs in 9 to 12 months. 


For a personal evaluation of your total occupational and academic accomplish- 
ments, and information on our programs in Business 

Administration, Engineering, Psychology, or 

Education, please write or phone our 
Admissions Office. 


California 
Coast 
University 


CCU has Full Institutional Approval from the State of 
Calif. Dept. of Education. 


California Coast University 
700 N. Main Street, Santa Ana, California 92701 
(714) 547-9625 + (800) 854-8768 outside California 
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By Carol Lewis 


Taking a Look at Crystals 





rystals are very popular as 

jewelry and conversation 

pieces. But did you know 

that they are used in every- 
thing from computers to watches, 
and that you can sprinkle crystals 
on your food to make it taste 
better? 

People have been fascinated by 
crystals through the ages. The 
ancient Greeks thought that 
quartz crystals were a kind of ice 
that had been frozen for so long 
it could no longer melt into water. 
They gave it a name, krystallos, 
which means “clear ice.” Since the 
Middle Ages, polished balls of 
rock crystal have been used by 
fortune tellers. Even today, some 
people think that crystals have 
special powers—that wearing or 
carrying a particular kind of crys- 
tal can make you healthier or can 
bring you good (or bad) luck. 

Of course crystals don’t have 
magical powers, but some do 
have special properties that 
make them very important. In 
fact, most things in the world that 
are not alive are made up of 
crystals. Let's take a closer look. 


What Is a Crystal? 


Crystals are solids whose atoms 
or molecules are arranged ina 
regular pattern. Metals, rocks, 
sugar, salt, and snowflakes are all 
forms of crystals. If you could look 
at these substances with a power- 
ful microscope, you would see 
that their basic structure is very 
regular and ordered, somewhat 
like a marching band in a parade. 
Substances that do not havea 
crystal-like structure—such as 
plastics, ceramics, and glass— 
are more like a crowd of people, 
with no ordered arrangement— 
amorphous would be a good de- 
scriptive word. 

Crystals may be so small that 
you need a microscope to see 
them, or they may be quite large. 
some quartz crystals have been 
found that weigh several hundred 
pounds and are as large asa 
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Figure 1. Some common crystal shapes 
you may have seen. 





Summary 





You can never match the beauty of 
a snowflake crystal, but try your 
hand with crystals made of sugar, 
Epsom salts, sodium bicarbonate, 
or borax. 





person. All crystals of the same 
material have the same basic 
shape no matter what their size. 
That characteristic shape is due 
to the material's own unique com- 
bination of atoms or molecules. 
Crystallographers (scientists who 
study crystals) have grouped the 
shapes into six main systems. 
Figure 1 shows four common crys- 
tal types. 

We usually think of a crystal as 
a clear, symmetrical structure 
with smooth, mirror-like “faces.” 
However, it is rare to find large, 
well-developed crystals like that 
in nature. When you pick up an 
ordinary rock or a handful of dirt, 
you can’t see the symmetrical 
crystal forms, because these sub- 
stances are actually mixtures of 
different kinds of solids. Most 
Crystals found in nature have ei- 
ther poorly formed, rough faces 
or no faces at all. 


How Do Crystals Form? 


One of the interesting things 
about crystals is that, although 
they are not alive, they “grow.” 
Crystals can be grown from va- 
pors, melted materials, or 
solutions. Something must hap- 
pen to cause evaporation or to 
lower the temperature or pres- 
sure so the atoms or molecules in 
the crystalline substance can 
move closer together and join. A 
crystal grows larger from the out- 
side by forming new layers on top 
of old layers—unlike most living 
things, which grow from the in- 
side out. 

A snowflake is a crystal which 
grows from water vapor in the 


By Dennis Flanagan* 


OOOO eee 
——————_!_!:= 


astronomers and amateur tele- 
scope-makers were two different 
breeds of cat. Most amateur as- 
tronomers did not build their own 
instruments and most amateur 
telescope-makers hardly ever 
used their own instruments; they 
got their kicks out of the making. 

Red was also an avid sailor on 
the Great Lakes arid a serious 
radio “ham.” Just how serious he 
was emerged one day when we 
were giving him a small party for 
some milestone in his life that 
eludes me. At the time when he 
became an amateur radio oper- 
ator the operators communicated 
not by voice but by Morse code, 
and Red became adept in send- 
ing and receiving it. Knowing this, 
we played a taped congratulatory 
message at the party in Morse 
code. To Red’s embarrassment 
and ours he couldn't understand 
it. Then he said: “| know what's 
wrong. It’s too slow!” The recorder 
was one of those old ones that 
had several different recording 
speeds, and when we played the 
tape faster, Red read it off per- 
fectly. 

In the early days of the new 
Scientific American we were con- 
cerned that the magazine was 
not getting much attention in the 
rest of the press. Red was an old 
hand at writing press releases for 
Western Electric, and it was he, | 
think, who suggested we mail out 
press releases on the articles in 
the magazine. He volunteered to 
write the releases, which were in 
effect short, highly simplified ver- 
sions of the articles. Asa 
courtesy we sent copies of the 
releases to the members of our 
board of directors, most of whom 
represented the financial backers 
of the company. They were edu- 
cated men, but none of them had 
a particularly strong interest in 
science. After a while we dis- 
covered that some of them were 
reading Red's releases instead of 
the magazine! 

When Albert G. Ingalls, who had 
conducted the amateur tele- 
scope-making feature of the 
magazine since 1928, retired in 
1955, we decided to broaden the 
coverage of the department. We 
asked Red to take over, which he 
did while continuing to work at 
Western Electric. In 1962 he too 





C.L. Stong, who worked out of a home office and shop, reviews proofs of “The 


Amateur Scientist” during a visit to the offices of Scientific American in 1975. This 
photograph was made by Trudy E. Bell, formerly of the board of editors of Scientific 
American and now senior editor of IEEE Spectrum. 


retired—but only from the Bell 
system. From then until he died 
he devoted full time to "The Ama- 
teur Scientist.” 

And what a full time it was! Red 
devised many of the projects de- 
scribed in the department 
himself, but many others were 
sent in by his readers. Red 
learned early that he couldn't 
take a contributor’s word for the 
feasibility of a project, not least 
because many contributors, with 
all the good will in the world, 
would forget to supply details 
without which the thing wouldn’t 
work. As a result Red recreated 
virtually every one of the projects 
in his own basement workshop, to 
make sure they damn well would 
work and could be described in 
fully adequate detail. When | 
called him on the telephone, | 
would often say: “Is this Stong 
Laboratories?” 

The range of the projects was 
formidable, covering astronomy, 
biology, geology, nuclear physics, 
optics, electronics, computers 
and aerodynamics. Red even did 
a couple of pieces on archae- 
ology, but in doing so he and the 
rest of us on the magazine 


learned a salutary lesson from 

archaeologists. Amateurs are a 
menace to archaeology! Unless 
they are participating in an ex- 


cavation under close professional 


supervision, they can all too easi- 
ly disturb the main evidence the 

archaeologist possesses: the ex- 
act context of what is uncovered. 


An Indian arrowhead or a piece of 


pottery that has been collected 
without a verifiable record of 
where it was found is archae- 
ologically worthless. Fortunately 
there are not many fields of sci- 
ence where amateur efforts can 
harm professional ones. 

The projects were not only for- 
midable in their range; some of 


them were nothing less than hero- 


ic. The best example is Red’s 
making, and of course telling 
others how to make, a helium- 
neon laser ("The Amateur Scien- 
tist,” Scientific American, 
September, 1964). You had to be 
able, among other things, to blow 
glass, set up a high-vacuum sys- 
tem, emplace mirrors at the 
arcane Brewster angle, fabricate 
no end of metal parts and do 
everything that needs to be done 
(Continued on page 111) 
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here is a biological clock in- 

side the chest of every 

person. That clock times the 

beats of the heart as it 
forces blood through the arteries 
and veins of the body. 

The heart beats approximately 
70 beats per minute (BPM) at rest 
in most people, but it may beat at 
only 50 BPM in a well-conditioned 
athlete, or more than 100 BPM in 
less-fit people. When the body it 
serves exercises or is otherwise 
stimulated, the heart rate may 
increase well beyond these limits. 
If the heart works properly, then 
the body lives and performs well. 
But if the heart suffers, then the 
body falters as well. And if the 
heart ceases to function, 
then...well, you know the result. 

The heart emits minute elec- 
trical signals when it beats, and 
these signals can be detected on 
the surface of the skin with sim- 
ple electrodes. This signal is 
produced by the phenomenon of 
bioelectricity within the heart. 


Bioelectricity 


Bioelectric signais are derived 
from the electrical activity of liv- 
ing cells. Examples of bioelectric 
signals used in medicine and 
medical research include the 
electrocardiograph (ECG or, after 
the German spelling, EKG), which 
measures heart activity, the elec- 
troencephalograph (EEG), which 
measure brain-wave activity, and 
the electromyograph (EMO), 
which measures skeletal-muscle 
activity. These signals have their 
origin in the electrical properties 
of living cells. 

The cell is a closed body in 
which internal material is sepa- 
rated from the surrounding body 
fluid by a cell wall membrane 
(Figure 1A). The environment both 
inside and outside the cell wall is 
rich in ions*, including sodium 
(Na*), potassium (K~) and chlo- 
rine (CI-). 
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EXPLORING 
BIOELEC 


By Joseph J. Carr 


The key to cell bioelectricity is 
the fact that the cell wall is a 
semipermeable membrane that 
will pass only certain ions and not 
others. As a result of a sodium- 
potassium pump phenomena as- 
sociated with this membrane, the 
concentration of ions inside and 
outside the cell is different. The 
sodium-potassium pump forces 
sodium outside the cell and po- 
tassium inside the cell. Because 
the rate of sodium pumping is 
two to five times the rate of 
potassium pumping, the net re- 
sult (at rest) is a cell interior that 
is largely potassium (K") ions, 
and an external environment that 














Summary 





Electrical signals are produced by 
electrochemical activity within 
various kinds of living cells. This 
introduction to bioelectricity 
includes a simple amplifier circuit 
that will permit you to monitor 
the electrical activity of your 
heart. 





is largely sodium (Na*) ions. The 
difference in ionic concentration 
produces an electrical potential 
(voltage) across the cell wall 
(again, see Figure 1A). 

The normal potential of the cell 
with respect to its environment is 
between —70 and — 90 millivolts 
(mV). This variation is somewhat 
dependent on the cell and its 
situation, but also reflects some 
disagreement amongst the vari- 
ous authorities. A mathematical 
expression called the Nernst 
equation governs cell potential. 
(Readers who wish to learn more 
about this phenomenon may con- 
sult one of the physiology texts in 
the reading list that follows.) 

A cell at rest is said to be 
polarized since the concentration 
of ions makes the interior of the 


*Electrically charged atoms that are either 
charged negatively (anions, containing an 
excess of one or more electrons) or 
charged positively (cations, deficient in one 
or more electrons). 





recorded in a disk file, simply 
press ENTER when the program 
asks for the interval. 

The program continuously dis- 
plays the wind speed and 
temperature on the screen. If you 
specified a file, the program will 
also log continuous data to the 
file you specified. 

The file created by WX can be 
read by just about any word pro- 
cessing program. It is a raw ASCII 
file with no special codes. Using 
your word processing program, 
you can edit it or reformat it as 
desired. The format of each file 
entry is 


DD-MM-YYYY HH:MM:SS TT SS 


where DD = day of month, MM- 
=month, YYYY = year, HH=hour 
(24-hour clock), MM= minutes, 

SS =seconds, TT is temperature in 
degrees Celsius, and SS is wind 
speed in miles per hour. 


Calibrating the WX Weather 
Station 


There’s one important feature 
that we've left out. The table of 
values in WX are nominal values 
for typical parts. Temperature 
and wind-speed values may be 
off by as much as 10 percent or 
more. The WX Weather Station 
must be calibrated for accurate 
readings. Once this is done, the 
accuracy of the WX Weather Sta- 
tion will be within five percent for 
wind-speed values and within a 
degree Celsius for temperature 
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values. For a comprehensive, free 
write-up on calibration please 
send a stamped, self-addressed 
envelope to me at Post Office Box 
3568, Mission Viejo, CA 92692. 

Two variables in WX are used for 
calibration. Change variable WS1 
for wind-speed calibration, trying 
different numeric values. To cali- 
brate the temperature readings, 
change variable T1 while observ- 
ing readings with the thermistor 
held next to an accurate ther- 
mometer. 


Kit and Assembled 


The WX Weather Station is avail- 
able as a kit of all parts for 
$49.95, pius $5.00 for shipping 
and handling (CA residents in- 
clude 6% sales tax). The kit 
includes all electronic parts (un- 
assembled), anemometer parts 
(unassembled), 50 feet of ane- 
mometer cable, and all required 
software on a 5%-in. (360K byte) 
or 3 %-in. (720K byte) diskette. 
Batteries, as they say, are not 
included. We strongly urge that 
alkaline cells be used in this proj- 
ect. The WX Weather Station kit is 
available from William Barden, Jr., 
Post Office Box 3568, Mission Vie- 
jo, CA, 92692. 

That's it for this issue’s Comput- 
er Scientist. Good luck with the 
project. Please write with any 
questions or to share your experi- 
ences. See you in the next issue of 
Science PROBE with more 
Computer Scientist topics. * 


Put Professional Knowledge and a 


COLLEGE DEGREE 


in your Technical Career through 





Add prestige and earning power to 
your technical career by earning 
your Associate or Bachelor degree 
through directed home study. 


Grantham College of Engineering 
awards accredited degrees in 


electronics and computers. 


An important part of being pre- 
pared to move up is holding the 
right college degree, and the abso- 
lutely necessary part is knowing 
your field. Grantham can help you 
both ways—to learn more and to 
earn your degree in the process. 


Grantham offers two degree pro- 
grams—one with major emphasis 
in electronics, the other with major 
emphasis in computers. Associate 
and bachelor degrees are awarded 
in each program, and both pro- 
grams are available completely 
by correspondence. 


No commuting to class. Study at 
your own pace, while continuing 
on your present job. Learn from 
easy-to-understand lessons, with 
help from your Grantham instruc- 
tors when you need it. 


Write for our free catalog (see address 
below), or phone us at toll-free 
1-800-955-2527 (for catalog requests 
only) and ask for our “degree catalog.” 


Accredited by 
the Accrediting Commission of the 
National Home Study Council 


GRANTHAM 
College of Engineering 
250 Frontage Road 
Slidell, LA 70460 
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PROFESSIONAL QUALITY 
WEATHER STATION 
NOW AFFORDABLE 

ENOUGH FOR HOME USE! 


The new WeatherPro weather station uses state-of- 
the-art technology to give you full monitoring capa- 
bility at an incredibly low price. The WeatherPro 
includes a weather computer, remote precision wind 
direction vane, wind speed sensor, external temper- 
ature probe menting hardware and 40! of cable-all 


for only $189! 

WIND SPEED eWIND GUST 
¢ TEMPERATURE WIND CHILL 
®WIND DIRECTION eTIME 
TEMPERATURE HI/LO (eagimna * AUTO SCAN 
® RAINFALL (OPTIONAL)* ©1 YEAR WARRANTY 


¢14-DAY MONEY-BACK GUARANTEE 


DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $189! 
ORDER TODAY:1-800-678-3669, ext. 
M-F 7AM-5:30 PM Pacific Time 


poulematicemptying electronic rain gauge $49.95 
Add $5.00 for shi CA residents add sales tax. 


pping. 
Fax 1°415-955'9188 ¢ MC and VISA 


IGITAR’ 


3465 DIABLO AVE, HAYWARD, CA 94545 
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THE ELECTRONIC GOLDMINE 


BATTERY OPERATED BLACK LIGHT KIT 
%&  Delects Invisible Fluorescent Inks, Fluorescent Minerals, etc. 
Uses Large Unfiltered U Shaped Black Light Tube 


US) 
hs 


Comes with PC Board, Parts, Tube and Instructions 
% Operates from Any 6V Baltery Source (not Incl.)  % Size of Board: 7" x 1.8" 
SP100_ $13.95 


MINI GEIGER COUNTER KIT 

A Detects ALL Types of Radiation ; 

A Uses Sensitive Alpha Window Tube | F 

A Operates from 9V Battery (not Incl) 

Comes with PC Board, Pats, = © (a9 
Tube and Instructions Oa, 


% Size of PC Board: 3" x 1,9" Carlorhan SoS 
. SP101 $5995 |= 609 


INFRARED DETECTOR KIT 
Detects ALL Types of Infrared 
(TVAVCR Remotes, LEDs) 
& Produces Sound and 
Bright Red LED Output 
A Operates on 9V Baltery (not Incl.) 
* Cores with PC Board, Parts 
and Instructions 
A_Size of PC Board: 2.5" x 1.4" SP102 $5.95 


FIBER OPTICS Nai pan EACH MAGNET 
‘ \y limes stronger other magnels, these are 
Sele __| the worlds strongest commercially available mag- 
Small dia. plastic} nets for this size. Small size only about 1" x 5/8" x 
Unjacketed fiber optic} 4/2" yet can lift 12 to 15 Ibs. Try to remove this magnet 
Strand. Perfect for} from a steel plate and you'l find that unless you slide it, you can't 
1000 S of applica-| get it off. Great for thousands of experiments and applications. 
tions. Fun to use and] Normally these sell for over $60 each, but these are surplus and 
experiment with. have a few scratches (does not effect performance). 
SP104 $10. 


SP103. 5Ft pc / 49¢ 
SMALL MOTOR CDS CELL ASSORTMENT 
Great for hundreds of 


G Perfect for small robots. | projects and experi- 
CPA Operates trom 1V - 12VDC | ments. These change 
\\ wilh pulley on shaft. their resistance with 


Size: 1-1/4" dia. x 7/8". | light. 5 different types. 
SP105 _2/$1.00 | SP106 5 for $2.00 | 
INVERTER TRANSFORMER 
. SA ‘Small 4 lead transformer to be used with 


555 IC circuit to convert 12VDC to 250VAC 
strobes, fluorescent tubes, e'c. With schematic. 
SP108 $2.00 Each 100/$170,00 
MINIMUM ORDER: $10.00 plus $3.00 shipping and handling. 
We accept MC, Visa and Money Orders. 
SEND ORDERS TO: The Electronic Goldmine 

P.O. Box 5408, Scottsdale, AZ 85261 
PHONE ORDERS: (602) 451-7454 
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The COMPUTER SCIENTIST 


the wire and the other to the pin. 
Depending on the meter, it will 
either beep or show a resistance 
of a few ohms or less if the wire is 
connected to the pin. 


Connecting the Batteries 


Before connecting the bat- 
teries, carefully check and 
double-check all connections on 
the board and cabling. If you 
don’t do this, you may burn out a 
component and then be stymied 
as you try to correct a possible 
wiring problem. 

Two 9-volt batteries power the 
WX Weather Station. These are 
connected with standard battery 
clips as shown in Fig. 4. Connect 
the battery leads to the terminal 
connector shown in Fig. 4. Be sure 
the polarities are correct. 

After the batteries are con- 
nected, no component should be 
too hot to touch. If any compo- 
nent becomes hot or if you smell 
a pungent odor, immediately dis- 
connect the batteries and 
recheck the circuitry. The bat- 
teries will provide about 30 or 40 
hours of continuous use. Discon- 
nect the batteries whenever the 
device is not running to conserve 
battery life. 

The hard part is over. It’s simply 
software from now on! 


Serial Port 


The WX Weather Station sends 
two streams of pulses to the se- 
rial port of your computer 
system. Just about all current PC- 
compatible systems use a serial 
port. Another name for this is an 
RS-232-C port, an asynchronous 
data communications port, or a 
communications port. Some sys- 
tems have two ports, but many 
have only one. If you have only 
one port, you'll have to discon- 
nect any modem or mouse you 
might be using while using the WX 
Weather Station. If you have two 
ports, connect a modem or 
mouse to your second port and 
the WX Weather Station cable to 
serial port 1. 

Our WX Weather Station is de- 
signed to be compatible with 
RS-232-C voltage levels at +9 
volts and —9 volts, representing a 
0 and 1 respectively. 

Certain serial port lines can be 
read by an assembly language 
program. Input lines are CTS, DSR, 
RI, and DCD (in addition to Rx). 


With an assembly language pro- 
gram, these lines can be read 
hundreds of thousands of times 
per second. 


The Period Program 


Table 1 shows the program to 
read the RI and DCD lines, the two 
lines we are using for the WX 
Weather Station. Included in the 
program “DATA’ statements is 
high-speed assembly-language 
code. We won't go into excruciat- 
ing details about the code except 
for this thumbnail sketch: The as- 
sembly language program reads 
the state of the line until a 0 (no 
pulse) is present. It then rapidly 
reads the line until a 1 (pulse) has 
just appeared. The code then 
looks for the pulse to disappear 
and then rapidly reads the line 
until the next pulse appears. The 
time between the appearance of 
pulses is then sent back to a 
BASIC program as the period be- 
tween pulses. 


The WX BASIC Program 


The WX BASIC program con- 
tinually requests (calls) data from 
the assembly-language program 
for the period of the temperature 
pulse chain and the period of the 
wind speed. This data is dis- 
played on the screen. It is also 
optionally stored on a disk file. 

To use the WX BASIC program, 
you must first enter it in GW-BASIC 
(non-IBM systems) or BASICA (IBM 
Systems). Enter the program ex- 
actly as shown in Table 1 and then 
save it as a BASIC file called 
“WXPROBE.’” 

To run the WX program, connect 
the WX Weather Station to the 
serial-port connector on your sys- 
tem, turn on the computer's 
power switch and connect bat- 
teries to the WX Weather Station 
board. At the DOS prompt, input 
RUN WXPROBE, and you will see: 


WXPROGRAM 
Choose interval in seconds: 


If you want data to be recorded 
on a disk file, enter an interval 
time of from 1 to 86400 seconds. 
The WX program will ask you for a 
file name. 

If you want to start a new file of 
data, enter a new file name, such 
as WXLOG. If you want data to be 
appended to an existing file, en- 
ter an old file name. 

If you do not want data to be 


A look at the bioelectric phenomena that keeps your heart ticking, 
plus a project to detect the heart’s electrical signals. 


RICITY 


AT HOME 


cell much more negative than the 
exterior. Certain cells can be stim- 
ulated in various ways that 
change polarity. When stimulated, 
the cell becomes depolarized. 
During the depolarization period 
the character of the cell mem- 
brane changes radically. The 
change forces potassium out of 
the cell and allows sodium inside 
as shown in Figure 1B. The de- 
polarization phenomena typically 
lasts for several milliseconds 
(mS). During this period, the 
change of ionic concentrations 
forces a change in membrane 
potential from a range of — 70 to 
—90 mV to a range of +20 to +30 
mV. This potential, which is called 
the action potential, is graphed in 
Figure 2. 

The duration of the action po- 
tential is typically from about 1.5 
to 4 mS. During most of this time 
the cell cannot be retriggered by 
repeated episodes of the stim- 
ulus. This interval is called the 
refractory period. The membrane 
potential need not return all the 
way to its resting potential before 
retriggering is possible, so the 
refractory period is measured 
from initiation of the stimulus 
until the potential again reaches 
the retriggering threshold (a little 
above the resting potential, or 
about —60 mV in Figure 2). 


The action potential phe- 
nomena is analogous to a light 
with a timer. Some automobiles, 
for example, have a headlight 
timer that keeps the headlights 
on for a fixed period after the 
driver gets out of the car. A but- 
ton is pressed (stimulated or 
triggered), the light comes on (ac- 
tion potential) for a fixed time, 
and then the light goes back to 
the resting ‘off’ condition. 

The “all or nothing’ operation of 
the cell action potential explains 
why restimulation does not cause 
an increase in the intensity of a 
phenomena. For example, if you 
stub your toe, pain sensation re- 
sults from depolarization of the 
affected sensor cells. But if you 
immediately re-stub your toe be- 
fore the refractory period expires, 
the second injury is not felt as an 
increase in pain. An increase in 
pain is felt only if some or all of 
the pain sensors have completed 
their refractory period. 

Conduction of the action poten- 
tial signal occurs by several 
mechanisms. Simple Ohmic con- 
duction occurs through tissue 
because the action potential is an 
electrical potential difference— 
like a small battery—acting on 
electrically conductive tissue in 
accordance with Ohm’s law. That 
phenomena is also called ionic 
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Figure 1. Cell bioelectricity occurs when 
the cell wall passes positive Sodium ions 
(Nat) outside the cell and admits 
negative Potassium ions (K~ ) into the 
cell. (A) Cell showing a resting potential. 
(B) Cell stimulated into contraction 
causing rebalance of the ions through 
the semipermeable membrane that 
forms the cell wall. 


conduction. lonic or Ohmic con- 
duction resuits in very low signals, 
because the electrical energy is 
integrated over the body area. 
Thus, a large action potential in 
the heart muscle diminishes to a 
weak one millivolt (1 mV) signal at 
the surface. 
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Another means of conduction 
results from the depolarization of 
adjacent cells. In other words, the 
depolarization of one cell forces 
the spontaneous depolarization 
of the adjacent cell. By this 
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Figure 2. The cell's resting and action 
potentials vs. time are plotted here. 
During the refractory period the cell 
cannot be restimulated. 


STIMULUS 


Figure 3. A graphic presentation of the 
two types of depolarization. (A) 
Synchronous depolarization conduction 
causes all the nearby cells to be 
stimulated. (B) Asynchronous 
depolarization conduction causes cells 
to be stimulated one after another. 
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means, the action potential is 
propagated over a relatively long 
distance without being dimin- 
ished. Each successive cell 
depolarization effectively recon- 
stitutes the pulse amplitude. In 
electronic terms, this phe- 
nomenon resembles a series of 
monostable multivibrators. 

There are two forms of suc- 
cessive depolarization 
conduction. Figure 3A shows 
synchronous depolarization. \n 
this type of action, all of the cells 
EgT3 receive and act on the stimulus 
signal at the same time. Figure 3B 
shows the asyncrhonous de- 
polarization scheme in which the 
original stimulus fires Cell-1, 
which in turn fires Cell-2, which in 
turn fires Cell-3 and so on. Note 
the difference in timing between 
Figures 3A and 3B. 

Still another form of conduction 
occurs in nerve cells. It is called 
traveling-wave depolarization. |n 
a long nerve cell, the signal prop- 
agates by successively 
depolarizing adjacent segments 
of the same cell. Thus, the signal 
travels along in the form of a 
depolarized domain. Figure 4 
shows the same cell, at different 
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Figure 4. Traveling wave depolarization 
conduction occurs in a single nerve cell. 
On the event of a stimulus, a positive 
ionic current begins and travels down 
the length of the nerve cell. The four 
time periods (T1 to T4) illustrate the 
current passing from left to right in the 
same living nerve cell. 
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Figure 5. Simplified view of the human heart showing its internal electro-conduction 
system. Portions of the heart were omitted in order to illustrate the organ’s 
bioelectricity action. Refer to the text for details. 
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ND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes, TUM GLE LHAOSTH!) ts GRAB BAG 


Magnifiers, Science Kits, Lab Equipment, Toys, Muar Surplus, Lasers, Photo and Weather Instruments.. 


Add Spectacular Color To Your Home With A 
Rainbow Light Display. 

Our equilateral prism mounted in a specially 
designed wooden base catches the sun and 
projects the ever-changing rainbow patterns 
over your walls, ceiling and floor. It’s almost 
like being inside a multi-faceted diamond. 
Glass equilateral prism is 2” (50mm) long 











Build A Working V-8 Demonstration Engine. = 
Agreatintroduction into what's 
behind your gasoline-powered 
engine. The % scale realistic 
model contains over 
100 moving parts. You 
can actually watch the 
crankshaftrotate, spark 
tae” ~—sCilugs light up, valves 
open and close, rods and pis- 
stons move. Easy to build, 
cal requires model glue for as- 
samy, takes two “C” batteries (notincl.). 
Complete with stand. BA70,448 $42.95 


motors myn Bag For Hobbyists, gio 


i Qur inexpensive 
 _ motors can make 
\ wheels go ‘round, 
propellers turn. 
= Unlimited 






Stars That Glow In The Dark Turn Your 
Bedroom Ceiling into The Night Sky. 

Assortment of 250 lumi- 

nous stars that glow in the 
dark on ceiling or wall. Light 
up achild's room with the beauty of glowing stars and.have fun 
with astronomy. Easy to apply decals glow after exposure to 
light. Comes with star chart and instructions to recreate the 
Big Dipper, Milky Way and the heavens. BA9521 $4.25 


“700 Science Experiments For Everyone” — 
An Exciting Book For Science Fair Projects. = Ei 
= Abrand new, up-to-date edition of the best Soe BA3B,412 
known science experiment book in the $22.95 
world. Compiled by science instructors 
under the auspices of UNESCO in Paris. 
251 pages, featuring optical projection, 





2%2"x198"x1 98" BAS8,400 $6.95 








It's Motorized To ,1 
Run And Dive! 




























Authentic 1/150th scale model of the German Type VIIC sub- 
marine is jaototad to run and et Assernality this kit will 

lectricity, chemi: t! / teach the basic engineering principles of submarine operation 
netism, (ae PINsciORY fad nee and Sueyaniy Parts are mold ed in realistic battle colors, only 
Describes experiments with easy-to- falow lue and common hobby craft tools are required. Powered by 
instructions, diagrams. BA9 “C' cells (notincl.). Finished model is approx. 18 inches long. 


Have fun by ‘adding mo- 
tion to your science fair 
projects, demonstra- 








tions and experiments ——— 

wipe bo A Fun And Intriguing! You'll Play For Hours pull Your Own a eke 
" motors wi 

long shafts and 2 wire ~Z With These Colorful Magnetic Magic Marhles. Plant Model Structure. 






Build a mountain or odd geometric pat- = 
terns with these fascinating, high impact n g re 
plastic marbles. Each mar! le has both a f 
negative and positive pole. A challenge to 
your imagination. Fun for youngsters, oF 
adults, too! 20 Neto bet Be 


BA34,968 (P Mees 
BA35,854 package af 100) $18 50 ; 

Our Smallest Laser Pointer, Only 4” Long. Based on Three Mile Island, this detailed 1/160 "N” scale kit 

has 79 parts molded in colors. Includes containment building, 

Perfect For Lecturers And Educators. —_ cooling tower and generator station on a 14 x 16” base. Stack 

is 434” high. For ages 12 and over. BA36,718'$13.95 


Build a Real Crystal Radio Kit. 


Remember the golden age of radio? 
This crystal radio kit can bring back 
old memories...like listening to “The 
Eddie Cantor Show; “The Green 
Hornet? “The Lone Ranger” and more. 
You'll actually be able to listen to your 
local stations and even experiment 
with radio waves. Easy to build, no 
batteries or soldering needed. Com- 


~ bs plete with Uscnclon ane all parts. 
Astronaut Ice Cream. > 37,839 $9.95 


Adelicious, ready- 
to-eat assortment : AS You Can Enjoy Seeing a Old Home 
of freeze dried A py) Neves And Slides On Television. 
Pails eipto rity 

ate, and vanilla ice 3 > 
grea. ne melts in your : 

mouth. It is real ice cream SX 

frozen to —40°F, vacuum = 


leads. 20, 1” motors BA1304 $13.95 


Build Your Own 2000° Solar Furnace With This 
Fresnel Lens AS Harness The Sun's Rays! 


Los You'll be able to use this pre- 

Cision lens as a solar cooker 

~ for heating food, as a kiln for 

; <> pottery— and even to melt 
¢ eT metal or for other solar ex- 


periments, Lens has a 8%" f.1., 50 lines 
jer inch, measures 10/2x10¥%2" V4." thick. 
mounted lens comes with 16 page 
book, “Fun With Fresnel Lens’ Instructions 
included on how to build the 360° stand 
a and frame shown. BA70,533 $26.50 
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The Applied Laser Systems’ 

y Laser Pointer is a revolution in 

Pointer design and affordability. Weighs 

only 2 ounces with battery, this pointer sets 

the standard for the industry. Add to this the 

convenience of its use (it clips onto your 

shirt pocket like a pen) and you have a product perfect for 

ae — Va 7 lecturers and educators: A Boon of ce presentations: 

business and sales meetings. Battery life is ra one hour 

This iy eae aia to" with continuous use. BA38,914 $199 

high flow. Ideal for tempera- 

ture control and circulation BASO, 345 $7.25 js 

of darkroom chemicals, table fountains, model waterfalls, water 

filtration and more. Can be used in either direction and is self 

priming. Operates on 2 flashlight batteries (notincl.), runs up 

to 48 hours before battery change is required. ay tube incl. 


The Vortx]™ More Than A Money 3%, 
Performs spinning tricks and high maneu- 








St pe ate noy te ine auch ing pad, dried and sealed in a pouch. U.S. astronauts enjoy similar ice (( ATA 
This creates an immense amount of speed cream on space missions: (Pk. of 2 pouches) BA38,214 $5.25 fh 

causing the coin to spin around and - \ 
around until it finally drops to the bottom “SPACE”: The 1S, Game That Defies Gravity. 


storage area. “The longest continuous : it! Your young astronaut must skill- 
rolling so far is 33 hours, 16 minutes? i, fully maneuver a miniature 











Its easy and inexpensive to convert your home movies and 
slides to videotape. Just place your movie camera or slide pro- 
jector and focus the image onto the mini-screen of the Tele-Cine 
converter. Aim your video camera into the lens, focus an sat 
recording. 6'/x51/2x5" Screen is 3x3” BA33, 521 


PA This Clever Gadget Will 

SAMTGa OGRE Tell You How High You Are 

ator controls Whether jour driving cross country or 

the airflow and hiking in the mountains, this Altimeter will 

irection to execute tell you how high you are. Shows eleva- 

maneuvers. Winner of tion from sea level to 15,000 feet. Can be 

the “Golden Brain" award of the Inventors Association, this mounted to dashboard with self sticking 
challenging game is both fun and educational. Requires 3“C” tape (incl.) or has pre-drilled screw holes. Also has built-in 
batteries (not included). BA38,416 $29.95 barometer. With case. B $37.95 


Our Intelligent Yo-Yo With A “Brain? its, The -Go Fishing With This Mighty Magnet. 
Longest Spinning Yo-Yo Around! Lift up to 200 Ibs. Fun to use around docks 
A simple flick of the wrist pre- and bridges. A ‘must for a boat, it helps 
programs this patented yo-yo, retrieve metal objects that fall overboard. 
allowing it to spin freely at the A You'll be amazed at what you pull up. Wt. 
end of the string. Suspended, . Abs Rare cere 4 ‘A aca 

h as “We ¢O p resi F- 
you can do tricks, such as “Wal aan aud chipping, BAN 138 $3195 


Challenge your skills, spin the coin back satellite that floats on 
jets of air through 
space loops positioned 

Za>> around the 


up the tunnel or spin it upside down, plus 
more. Made of tough polypropylene. In- 
structions included. BA37,832 $14.95 


Ultra-Sensitive Directional Sound Amplifier 
Picks Up Signals 200 Feet Away! 

Used for police surveillance and excellent 
for nature study, microphone and head 
set amplified sounds up to 200 feet away. 
Overhear private conversa- 

tions—listen to the sounds 

of animals at distances that 

are out of hearing range— 

its light enough (only 3% 

ounces) so the microphone 

can be mounted on your binoculars. Com 
pact, measures on! ly ly 12” Powered by 1 ‘AAA’ 
battery, included. Frequency response 200Hz to 800Hz, out- 
put level 49 db's maximum. Complete with oadded microphone, 
amplifier and headphones. (2 $49.95 


“Have You Ever Seen The Inside Of aT Eye? 
v) Eyescope is an optical device for 

y looking at the inside of your eye. 
Its a specially designed diffuser 

incorporating a parabolic mirror 

and lens light. Safe and easy to 

use. A52 page booklet included, 

describes the various features in- 

side the normal eye; how the iris 

works, kinds of floaters and fixed 

























The Dog’ "Rock The Baby,” “Brain 

Twisters" and more. It operates 

on a centrifugal clutch principle 

that allows it to spin faster and 

longer than any other yo-yo 

before returning to the user's hand. Precision engineered, the 

clear plastic body shows the clutch in action. 

Polish Water-Worn Beach haates, Amethysts 

And Garnets With Our Rock Polishing Kit. 
Enjoy a unique and fascinating hobby 
making gating Levey of peaultuly 

Build Your Own Clock Of Paper, POUSHOCIGONS anus TES 

4 ks found 
It Really Keeps Accurate Time. Te ee Gaonsiet ht 


Cut up this heavy stock 40 page book, t > ; includes powerful polishing 












Featured on this page are only a few of the 
many siti products that appear in our 







112 PAGE 
CATALOG 


Send for your 
copy today. 


Thousands of exclusive, unique and exciting values. 
sea ey hist gece , fascinating and useful for 
every hobbyist, gadgeteer, student and educator. 
















supply alittle glue, three paper clips, nail, tumbler with a 115V heavy 
string and perseverance and you have a duty motor, three pound 
working clock which keeps accurate time barrel, a large selection of 
and has a real “tick-tock” pendulum assorted rocks, grit abra- 
movement. You rewind and nd regulate dk it. Y BA80,276 sives, polish, jewelry find- 


a $74.95 ings and instruction manual. 
GS) For Phone ons Call 
1 (609) 547-8880 


L___} for friendly special treatment 
Use VISA, MasterCard, Diners Club, Am. Exp., Discover, 
Carte Blanche or Optima. Call anytime, 24 hours aday. 
MOST ORDERS SHIPPED WITHIN 48 HOURS 




















No Risk Guarantee! If you are not completely satisfied with your purchase, return the merchandise 
in its original package and we will cheerfully refund your money in full. We back our products! 
Our 45 day unconditional guarantee means you take no risk on any product you buy from us. 


cS Edmund Scientific Co. 


Dept. 10D9, C918 Edscorp Bldg., Barrington, NJ 08007 
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Figure 4, The bulk of the electrical construction for the WX Weather Station is 
placed on a prototype wiring board. No soldering is required with this board, 
however the assembler should check carefully that all the integrated circuit chips 
pins and parts and wire leads are firmly seated in the embedded contact points. 


components or wires. 

6. Refer to Fig. 4 and connect 
three European-style terminal 
connectors to the top of the 
board. 


Mounting the Anemometer 
Cable 


The anemometer cable is con- 
nected to the anemometer 
assembly described above. Use 
any light-duty (20-gauge or great- 
er diameter) four-conductor, 
cable. Color-coded telephone sol- 
id-wire cable is excellent. A cable 
length of 50 feet or more is fine. 

We'll assume you're using four- 
conductor, color-coded phone ca- 
ble. Use twist-style wire 
connectors to connect the four 
wires from the cable to the leads 
of the magnetic reed switch and 
the thermistor, noting the wire 
colors. If you wish, the wires can 
be soldered and taped. (The 
switch and thermistor have no 
“polarity.”) Wrap any exposed 
metal parts with small pieces of 
black plastic tape to prevent 
them from shorting out during 
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(LOOKING IN TO SERIAL CONNECTOR 
ON COMPUTER) 





Figure 5. The pin numbers for a serial 
25-pin D-subminiature male connector 
is diagrammed above. You may be able 
to read the numbers on the plastic 
insulation when you look at the 
connector. 


operation. Thread the cable 
through the mast (34-in. PVC tub- 
ing works well) and attach its 
leads to the European-style termi- 
nal connector shown in Fig. 4. 


Connecting the Serial-Port 
Cable 


The serial port on most PC- 
compatible computers is a 25-pin 
D-subminiature male connector, 
usually numbered as shown in 
Fig. 5. You can buy a suitable 25- 


pin D-subminiature female con- 
nector at many electronic or 
computer stores, either as an in- 
dividual connector or as part of 
an assembled cable. It’s very im- 
portant to keep in mind that the 
pins on the connector that plugs 
into the computer are a mirror 
image of Fig. 5. 

You can use an assembled ca- 
ble if you add a suitable 25-pin 
connector to the board in Fig. 4 or 
if you remove one connector from 
the cable. If you try the second 
approach, find the wires that go 
to pins 1, 8 and 22 of the comput- 
er’s serial port (see Fig. 5) when 
the connector is plugged into the 
computer. Write down their color 
code or mark them with colored 
ink or pieces of annotated tape. 
Remove ‘%-in. (6 millimeters) of 
insulation from the end of each 
wire. Connect the wires to the 
appropriate positions on the con- 
nector shown in Fig. 4. 

You can save money by making 
your own cable. A ribbon of paral- 
lel, stranded wires can be 
attached to a solderless IDC-type 
connector by compressing the ca- 
ble between the connector and a 
plastic bar that locks in place. 
You're supposed to use a special 
IDC connector tool, but Vise Grip 
pliers also work. (Another trick is 
to place the solderless connector 
in a door slot near the hinge and 
slowly close the door as you 
watch the connector compress. 
Stop when it fits together snugly.) 
Remove insulation from the ap- 
propriate leads at the other end 
of the cable and connect them to 
the board in Fig. 4 as described 
above. Be sure to connect the 
wires correctly. 

If you know how to solder, you 
can connect the board to your 
computer with a short length of 
telephone cable. Books that give 
simple soldering instructions are 
available from Radio Shack and 
other electronics stores. 

Solder the wires at one end of 
the cable to the pins of a solder- 
type 25-pin connector that will be 
in contact with pins 1, 8 and 22 of 
the computer’s connector. Con- 
nect the other ends of the color- 
coded wires to the board in Fig. 4. 

No matter which method you 
use, it’s very important to connect 
the wires properly. You can use a 
multimeter to make sure that a 
wire is connected to a particular 
connector pin. Touch one probe to 


times, as the electrical wave 
travels along its length. 


The Cardiac 
Electroconduction System 


The pumping action of the 
heart is synchronized by bio- 
electrical signals. Figure 5isa 
simplified view of the human 
heart that shows its internal elec- 
troconduction system. The heart 
is actually a pair of pumps, each 
consisting of an upper chamber 
(atrium) and a lower chamber 
(ventricle). 

Blood under low-pressure re- 
turning from the circulatory 
system enters the right atrium 
through a pair of major vessels 
called the superior vena cava 
(see Figure 5) and inferior vena 
cava (not shown). When the right 
atrium is expanded and filled 
with blood the heartbeat begins, 
the atrium cavity is compressed 
and the increased pressure on 
the blood forces open the tri- 
cuspid valve, allowing blood from 
the right atrium to flow into the 
right ventricle. As the heartbeat 
progresses, the ventricle is 
squeezed, and blood is forced 
through the pulmonary semilunar 
valve (not shown) to outside the 
heart. It then flows through the 
lungs where it picks up oxygen 
and gives off carbon dioxide. The 
blood returns to the heart at the 
left atrium. 

When the heart beats again, the 
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Figure 6. Time relationship of the ECG 
signal and the pressure changes created 
by the beating heart. 


mitral valve is forced open and 
blood fills the left ventricle. As the 
heartbeat continues, the blood is 
forced out of the heart into gen- 
eral circulation via the large 
artery called the aorta. Of course, 
blood is pumped out of both right 
and left ventricles on each beat 
of the heart, even though the 
action was described sequen- 
tially above. 

Now let’s see how the heart's 
electroconduction system works. 
As shown in Figure 5, there is a 
natural electrical pacemaker in 
the heart called the sino-atrial 
(SA) node. This structure is a clus- 
ter of specialized cells that 
measures about 3mm by 10mm. It 


NOTE; POWER ONLY 
WITH 9-VOLT 
BATTERIES! 


Al: CA3240 





A2: 741 OR CA3140 
-9V A3: 741 OR CA3140 





is located in the wall of the right 
atrium. The SA node emits a con- 
tinuous series of electrical pulses. 
The SA node is capable of self- 
excitation (i.e. it emits pulses on 
its own), but it is also under the 
control of the nervous system, 
which controls the heart rate in 
healthy people. 

When the SA node emits an 
impulse, the electric wave propa- 
gates over the surface of the 
atria at about 30 centimeters per 
second (cm/s), causing the cells of 
the atria to contract and force 
blood through the valves into the 
ventricles. The surface con- 
duction wave across the atria 
dies out at a band of tissue sepa- 
rating upper and lower chambers 
in about 60 milliseconds (mS). 

Internally, the electrical signal 
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Figure 7. Bioelectric amplifier circuit is easy to assemble. All resistors are Ys watt or less except R3 which is 2 watts. All resistors 
should be 5% tolerance with resistor pairs R5-R6, R7-R8, and R9-R10 matched to 2% or less. Capacitor voltage ratings should 
be 16-WVDC or better. Capacitors C5 and C6 should be identical units taken from the same lot to preserve circuit balance. 
Power amplifier with a 9-volt battery only. Do not use a wall-plug power pack or other AC-powered source. If other than 
a 9-volt DC battery is used, a harmful or even deadly shock may be experienced. 
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reaches another specialized 
structure called the atrio-ven- 
tricular (A-V) node in about 30 to 
45 mS (see Figure 5). It travels 
slightly faster (about 45 cm/s) 
along the internal SA/A-V path 
than in the other atrial tissue. The 
A-V node forms part of the inter- 
nal conduction system that both 
synchronizes the heartbeat and 
delays the signal. It would not be 
desirable for the ventricles to re- 
spond to the pacemaker signal 
while the atria still contain blood, 
and the 110 to 120 ms delay is 
designed to allow the ventricles 
to fill. The A-V node is the biolog- 
ical equivalent of an electronic 
delay line. 

The muscle cells of the ventri- 
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Bloctave) and a ~3 dB 


to assemble a 60 Hz er. 
r less. Resistors R1-R2 should be identical units. 
alleling two resistor that are identical to RI and 


ddentical to C1 and C2 
louble their capacitance value. 


cles are excited by a network of 
special structures called Purkinje 
fibers. The action potential from 
the A-V node activates the Pur- 
kinje network, and that potentiai 
travels along these fibers at a 
much higher speed of 200 to 400 
cm/s. These fibers are arranged 
into two bundles called the left 
bundie branch and the right bun- 
dle branch, each of which excites 
a different region of the ven- 
tricular heart muscle. 

The electrical conduction signal 
from the Purkinje network causes 
the cells of the myocardium to 
contract, which forces the heart 
to squeeze blood out of the ven- 
tricles into the aorta that 
supplies blood to the head, arms, 
trunk and legs. The heart’s me- 
chanical action at this point is a 
twisting, squeezing motion that 
has been described as similar to 
that required to wring water out 
of a large sponge. 

The bioelectric signal of the 
heart as seen from the surface of 
the skin is shown in Figure 6, 
along with a curve of the blood 


WARNING 


point of about 40 Hz will remove much 
of the jitter. A 60-Hz notch filter such as 


_ the one shown in Figure 9 will remove 
~ much of the 60-Hz noise. (For more on 


filter circuits, see Design of Active Fil- 
ters—With Experiments by Howard 


Berlin, Howard W. Sams & Co., Inc., 
catalog number 21539.) : 


Human life would not be possible 


without bioelectricity. It causes the 


heart to beat, and it is found flitting 


around the brain. The skeletal muscles 


produce their own bioelectric currents. 
The human body is truly a body electric 


_..and its signals can be detected and 


displayed. 
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Figure 8. Two types of electrodes that 
can be easily assembled and used with 
the bioelectric amplifier shown in Figure 
7. (A) Hand-grip electrodes. (B) Disk 
electrodes. 


pressure in the arteries. The onset 
of the ECG signal, a feature called 
the P-wave, corresponds to the 
simultaneous contraction of the 
left and right atria, while the 
large (1-2 mV) spike called the 
QRS complex corresponds to the 
deep, high-pressure contraction 
of both ventricles. The T-wave rep- 
resents a repolarization or 
refractory action of the cells. In 
an electronics circuit analogy the 
T-wave resembles a “reset” func- 
tion. 

When the heart is at rest, the 
blood pressure is at its minimum 
or diastolic value. Following con- 
traction of the ventricles, as 
evidenced by the ORS compiex, 
the pressure rises to a maximum 
peak or systolic value and then 
falls back to the diastolic value. 
On the way down, it briefly rises 
again at a point called the 
dichrotic notch. Some authorities 
claim this feature corresponds to 
the closing of the aortic valve, 
while other experts on the heart 
disagree. 

Bioelectric signals such as the 
ECG can be picked up by metallic 
surface electrodes, amplified and 
otherwise processed in electronic 
circuitry, and then displayed on 
an oscilloscope or used in other 
electronic instruments. The key to 
picking up the ECG bioelectric 
signal is to use a high-gain bio- 
electric amplifier. 

(Continued on page 111) 
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through the hole drilled in step 10. 
Do not glue. 

12. Temporarily reassemble the 
parts as in step 9. Rotate pipe F 
from the top and make certain 
that switch J and magnet G do not 
bind together as pipe F rotates 
inside tee-joint B. Push the switch 
in as far as possible. But be 
careful no binding occurs. If you 
quietly turn pipe F you should 
hear soft clicks as the switch 
contacts close twice each 
rotation. If the parts don’t bind, 
glue cap H on the bottom of tee- 
joint B. Glue switch J in position. 

13. Drill a %e-in. hole in 34-in leg 
of tee-joint B and push the wires 
from the switch into the tee-joint. 

14. Drill a Y%-in. hole completely 
through ‘-in. cap K as close as 
possible to the solid end of the 
cap. Drill a second hole complete- 
ly through the cap at a right 
angle to the first hole and offset 
by the thickness of dowels L. 

15. Push two lengths of 8-in. 
dowels L through the holes in K, 


.center dowels L, and cement 


them from inside the cap. 

16. Carefully saw two practice 
golf balls in half to make four 
hemispherical wind cups M. 
Select two opposing holes in each 
wind cup M and push a cup onto 
each end of dowels L. Adjust cups 
M to be at right angles to the 
plane of rotation and make 
certain the open side of each cup 
M faces in the same direction as 
it rotates. Cement all cups in 
place. 

17. Cement the cup assembly 
mounted on cap K onto the 
section of pipe F that protrudes 
through the hole in the tee-joint B 
assembly. 

18. As a final check of rotation, 
blow gently toward a cup. The cup 
assembly should spin freely 
without binding. 

19. Mount thermistor N by 
drilling two small holes in %-in. 
elbow O near the vertical inside of 
its bend. Push the two leads of 
the thermistor through the holes 
from the outside. 

20. Cement elbow O to pipe A. 

21. Bring the two wires from 
reed switch J through the tee- 
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joint. These wires and the leads 
from thermistor N will be 
connected to the anemometer 
cable described shortly. 


The Electrical Circuit 


The electrical portion of the cir- 
cuit is assembled as shown in Fig. 
4. To simplify construction, a pro- 
totype wiring board is used. 
Radio Shack calls this an 
experimenter socket. No solder- 
ing is required with this board. 
The wiring board has two rows of 
five connection points either side 
of the board's centerline. Each set 
of five connection points are in- 
terconnected. 

The key to easy assembly is to 
use 20-gauge solid hook-up wire. 
Mount the parts as follows: 

1. Mount the two integrated cir- 
cuits so that the pins on either 
side of each IC straddle the two 
halves of the board. Make certain 
the notched end of each IC faces 
up as shown in Fig. 4. 


2. Install the six resistors. First, 
trim their leads so the resistors fit 
almost flush on the board when 
their leads are pushed into the 
proper holes. The resistors can be 
inserted in either direction. Pro- 
tect your eyes when cutting the 
leads. 

3. Mount the three capacitors in 
the same fashion. 

4. Make the remaining wire con- 
nections (except the battery and 
cable connections) with short 
lengths of wire. Remove about % 
inch of insulation from the ends 
of each wire and push the wires 
into the proper holes. With prac- 
tice, you will be able to cut the 
wires to the correct length so that 
they lay flat on the board. Only 
the ends of the wires shown in 
Fig. 4 make contact with the holes 
in the board. 

5. Turn the board upside down 
and gently shake the assembly. 
The connections should stay in 
place. If they do not, reseat the 


WX WEATHER STATION PARTS LIST 


Anemometer Materials: 

Note: Some Parts are identified by a letter 
that corresponds to illustrated part in 
Figure 3. 


(M) 1—Package of practice golf balls or 
low-mass plastic cups (see text) 

1—Decorative brass nail with rounded 
head 

(L) 2—8-in. long, Y%4-in. dia. wood dowel 

(C, H) 2—1-in. PVC slip caps 

(E, K) 2—'-in. PVC slip caps 

(B) |—1-in. slip to %-in. tee slip PVC tee- 
joint 

(O) |I—*-in. slip elbow 

(D) 1—I-in. PVC pipe cut to I-in. length 

(I) 1—I-in. PVC pipe cut to %-in. length 

(A) 1—%-in. PVC pipe cut to I-in. length 

(F) 1—%-in. PVC pipe cut to 6 %4-in. 
length 

1—Length of PVC %-in. pipe for mast 

1—Kit of television antenna mast 
mounting hardware, as required 

1—Small container of PVC cement 


Electronic Parts (Equivalent parts may be 
used in all cases): 

2—SIK ohm %- or %4-watt resistor! 

2—18K ohm - or %4-watt resistor! 

1—10K ohm - or /-watt resistor! 

1—100K ohm - or ¥%-watt resistor! 

2—0.01 wE ceramic-dise capacitor (Radio 
Shack 272-131 or equivalent) 

1—0.1 wE ceramic-dise capacitor (Radio 
Shack 272-135 or equivalent) 

1—556 dual timer IC (Radio Shack 


276-1728 or equivalent) 

1—TLO84CN quad op-amp or equivalent? 

1—One spool of 20-gauge, solid hook-up 
wire (Radio Shack 278-1294 or 
equivalent) 

2—8-position European-style terminal 
strips (cut into two three-position pieces 
and one four-position piece) (Radio 
Shack 274-678 or equivalent) 

1—Experimenter’s board (Radio Shack 
276-175 or equivalent) 

2—9-volt alkaline battery (Radio Shack 
23-553) 

2—battery snap connector (Radio Shack 
270-325 or equivalent) 

(G, J) 11—Magnetic-reed contact switch 
with magnet (Radio Shack 49-505 or 
equivalent) 

(N) 1—Thermistor (Radio Shack 271-110 
or equivalent) 

50-feet—Four-conductor, 24-gauge, color 
coded cable or telephone hook-up cable 
(Radio Shack 278-372 or equivalent) 

3-feet—Cable to serial port (use four- 
conductor cable above) 

I—DB-25 25-pin female RS-232-C 
connector (optional; see text) (Radio 
Shack 276-1548 or equivalent) 

4—Twist-type, solderless-wire 
electrician’s connectors 

Notes: 

1. From Radio Shack 271-312 assortment 
or equivalent. 

2. Available from most electronic part 
suppliers. 
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Science Fair Scene 





By David R. McQueen 


A Personal Look Back 





cience fair participation is a 

valuable experience for 

every teenager—even those 

who do not grow up to be- 
come scientists. You may think 
that only young people who ex- 
pect to become doctors, 
engineers, or scientists should 
fool around with science-fair proj- 
ects. This could not be further 
from the truth. Those of us who 
have been intensely involved in 
both amateur science and sci- 
ence fairs have learned much 
from the experience. Friends of 
mine who were at science fairs 
with me back in the 1960's have 
become attorneys and army of- 
ficers in the 1980's. 

Even young people who even- 
tually enter such fields as 
accounting, graphic arts and mu- 
sic find their science-fair 
participation to have been a real 
help. That’s because science fair 
projects teach more than just 
skills of observation and experi- 
mentation. They also teach how to 
record information and present it 
in a project, and how to make 
plans and meet deadlines. All 
these skills pay off in many dif- 
ferent careers, so | hope you'll 
consider participating in a sci- 
ence fair, no matter what your 
career goal! 


Amateur Science Leads 
to Science Fairs 


| was an amateur scientist in 
elementary school, and | partici- 
pated in science fairs during high 
school. Now | am a professional 
scientist. While it does not always 
happen this way, in my case the 
rock collecting | tinkered with as a 
young amateur scientist grew 
into earth-science projects in 
high school. Geology became my 
major in college and graduate 
school. Sometimes then, science- 
fair participation can help you 
discover a career. In the next few 
paragraphs | want to give you an 
example of how science-fair proj- 
ects can grow into a fun hobby by 


describing my four years of par- 
ticipation. 

As a boy growing up in eastern 
Tennessee, | enjoyed hiking and 
camping in the woods on the 
outskirts of my home town. My 
interest in rock collecting grew as 
| looked at the rock outcroppings 
in those woods and also in the 
mountains of North Carolina, 
while on family vacations. During 
this time of late elementary 
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school and junior high school 
(now called middle school in 
many parts of the country), my 
amateur-science activities moved 
from the woods into the family 
room when | was given a chemis- 
try set. This was followed by a 
biology lab, a microscope, and an 
earth-science lab. All of these kits 
introduced me to the vocabulary 
and tools of scientists and built 
my interest. Then in the 9th grade 
| began work on my first science- 





Summary 





Science-fair projects can earn you 
special recognition and steer you 
to a career in science. Our science- 
fair columnist explains how 
participating in science fairs 
changed his life and how it can 
change yours also. 


fair project, a project that was 
based on and shaped by these 
early amateur experiences. 

For that first science-fair proj- 
ect | assembled a collection of 
rocks from all over my home town 
of Johnson City, Tennessee. Satur- 
day, after Saturday, | rode a bike 
to all parts of the city, collecting 
rocks. | then numbered each rock 





Columnist David McQueen won an 
award at the 1969 International Science 
Fair, which was presented by the 
American Association of Petroleum 
Geologists. The award was an expense- 
paid trip to a college-level geology field 
camp in Wyoming! 
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and put a straight pin ina map 
marking the location. The map 
came from the yellow pages of 
the family phone book! Finally the 
day came to take the project to 
the St. Mary’s Science Fair. In addi- 
tion to the map with pins, the 
project included a couple of util- 
ity boxes with the small rocks, 
research notes, and a typewritten 
paper entitled, “Geologic Survey 
of Johnson City, Tennessee.” To my 
great surprise, the project won 
first place and $50, an enormous 
sum for a ninth grader in 1967! 
This project also earned me a trip 
to a regional science fair one 
hundred miles away in Knoxville, 
Tennessee, and it became a step- 
ping stone for future projects. 


Science-fair Projects 
Are Like Stepping Stones 


One of the lessons | learned 
early on in my science-fair career 
was that the same year’s research 
can be submitted to more than 
one competition. For example, all 
through high school | wrote re- 
search papers for the annual 
Tennessee Junior Academy of Sci- 
ence competition. Two of those 
papers were selected for publica- 
tion under the sponsorship of the 
Tennessee Academy of Science. 

Science-fair prize money can 
also provide a stepping stone to 
future projects. The $50 prize 
money from that first science fair 
paid for a telescope that | used 
for the research on the next year’s 
project on lunar geography. 

Seeing the other projects at the 
regional science fair allowed me 
to plan a better display the next 
year. Teachers and judges said 
they could see the improvements. 
Whether or not you win an award, 
you can see how each year’s sci- 
ence-fair project yields valuable 
experience for the following year. 


How Do Project Ideas Come? 


Your classes in school often can 
provide ideas for science-fair 
projects. While doing research for 
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my second science-fair project | 
began drawing pictures of the 
mountains on the moon... was 
having a great time with that new 
telescope! The shadows that the 
mountains cast at certain phases 
reminded me of right triangles we 
were studying about in geometry 
class. This led to the idea that the 
shadow length was like the hypo- 
tenuse of a right triangle. My 
research revealed that this analo- 
gy was correct, and this allowed 
me to compare the height of one 
peak of the lunar Caucasus Moun- 
tains to another. 

This project was called *On the 
Relative Heights of Lunar Forma- 
tions.” It was summarized ona 
three-panel display board, along 
with a plaster-of-Paris model of 
the moon's Caucasus Mountains 
and surrounding craters. It won 
an honorable mention at the re- 
gional science fair. 


The International Science 
Fair 


Each year | began science-fair 
research earlier than the year 
before. It’s just not possible to do 
a good job on a project entered in 
a spring competition if you began 
working on it as late as January. In 
1968 | began experiments in the 
physics of rock folding, tech- 
nically called deformation. | had 
read in a college geology text- 
book about the use of a wax, 
plaster, and turpentine mixture to 
simulate folded (bent) rock 
strata. Could this be improved 
upon by use of Play-Doh, the mod- 
eling Compound? This question 
became a science-fair project 
which included a series of pres- 
sure chamber experiments which 
produced folds by compression. 
The project was called "A Micro- 
tectonic Study of Horizontal Com- 
pression.” It won the 1969 
Southern Appalachian Science 
Fair and took me to the Interna- 
tional Science Fair (ISF), now 
known as the International Sci- 
ence and Engineering Fair (ISEF). 

At the ISF | won an award that 
led to still another science-fair 
project. The award, which was 
presented by the American Asso- 
ciation of Petroleum Geologists, 
was an all expense paid, college- 
level geology field camp in Wyo- 
ming! For someone who had 
never been out West, this was a 
big deal. At the two month camp | 
saw in the barren hills of western 





Wyoming a beautiful set of folded 
rock strata. On my own time | 
made a map of the area, col- 
lected rocks, and took photos. 
This field research formed the 
core of my 1970 project: ‘Applica- 
tion of the Geologic Scale Model 
Theory to the Lander-Hudson Oil 
Field Anticline, Wyoming.” For the 
second straight year | won the 
regional and went on to the ISF 


Summing Up 


My science-fair experiences are 
far from unique. If you have a 
good project idea and if you are 
willing to spend the time neces- 
sary to transform your idea into a 
first rate project, perhaps you 
can also win a trip to a regional 
science fair or even the Interna- 
tional Science and Engineering 
Fair. Yet even if you never win any 
awards, your time will not be 
wasted if you expend an honest 
effort. Far more important than 
any award | ever received was 
that science-fair participation 
taught me how to better use the 
brain God gave me. * 
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GREAT PAPERBACKS AT SPECIAL PRICES | 





(| FROM ATOMS TO 


From Atoms |  AMPERES—BP254— $6.50 


to Amperes Have you ever— 

Wondered about the true link between 
electricity and magnetism? 

Felt you could never understand the 
work of Einstein, Newton, Boltzmann, 
Planck and other early scientists? 

Just accepted that an electron is like a 
little black ball? 

Thought the idea of holes in 
semiconductors is a bit much? 


Then you need this book. It 
explains as simply as possible the 
absolute fundamentals behind 
electricity and electronics. 











(_] COMPUTER HOBBYISTS 
HANDBOOK—BP251— 
$8.95 


Subjects covered include 
microprocessors and their 
register sets; interfacing serial, 
paralley, monitor, games and 
MIDI ports; numbering systems, 
operating systems and computer 
graphics. While the book is 
aimed at the computer hobbyist, 
it should also prove useful to 
anyone who intends to use a 
computer to follow their 








interests. 
{_] FURTHER PRACTICAL 
Ce Teal ELECTRONICS 
Electronics CALCULATIONS— 
Caiculiations and BP144—$9.00 
Formulae 


450 pages crammed full of all the 
formulae you are likely to need. 
Covers Electricity, Electrostatics, 
Electromagnetism, Complex 
Numbers, Amplifiers, Signal 
Generation and Processing, 
Communications, Statistics, 
Reliability, Audio, Radio Systems, 
Transmission Lines, Digital Logic, 
Power Supplies. Then there’s an 
appendix of Conversion Factors, 
Mathematical Formulae and 
more. 
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{| INTERNATIONAL RADIO 
STATIONS GUIDE— 
BP255—$9.95 


Provides the casual listener, 
amateur radio DXer and the 
professional radio monitor with 
an essential reference work 
designed as a guide for the 
complex radio bands. 


Includes coverage on Listening to 
Short Wave Radio, ITU Country 
Codes, Worldwide Radio 
Stations, European Long Wave 
and Medium Wave Stations, 
Broadcasts in English and more. 














electricity, radio and electronics. | 
lt was the “bible” of the electrical 
experimenter of the period. Take 1 
a look at history and see how far I 
we have come. And by the way, = J 
don’t try to order any of the | 
merchandise shown, it’s unlikely | 
that it will be available. And if it 
is, the prices will be many times 1 
higher. | 
I 
I 
SORRY No orders accepted Number of books ordered | | 
outside of USA & Canada i 
Total price of merchandise................. $ 
$1.25 Sales Tax (New York State Residents only) .... $ I 
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(_] ELECTRONIC SCIENCE 
PROJECTS—BP104— $5.75 


Contains twelve electronic 
projects and each one has a 
strong scientific slant. The way in 
which they work and how to build | 
and use them is clearly explained. 
The projects range from a simple 1 
color temperature meter to an 
infra-red laser. There are novelties 
such as an electronic clock 
regulated by a resonating spring 
and an oscilloscope with a solid- 
state display. Also included are 
scientific measuring instruments 
like a pH meter and an 
electrocardiograph. 
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A Slice of history. This early i 
electronics catalog was issued in 1 
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The COMPUTER SCIENTIST 


pulses per second will be pro- 
duced beforehand. We can 
calibrate the system after it is 
assembled through computer 
software. 

There are two identical timers 
in the 556 timer. The first timer 
generates a short pulse to de- 
bounce the anemometer switch 
as described earlier. The circuit 
used here is similar to the tem- 
perature pulse-generation circuit 
except that the pulses are not 
continuous—only one pulse is 
generated for every switch clo- 
sure. 

Next we'll describe two physical 
parts to the WX Weather Station— 
the anemometer assembly and 
the electrical circuit—in enough 
detail so that even the all-thumbs 
computer scientist can build 
both. 


The Anemometer Assembly 


The exploded view of the ane- 
mometer is shown in Figure 3. It 
uses inexpensive, durable, and 
easily workable PVC sprinkler pip- 
ing, readily available in most 
localities. Use the heavier (Sched- 
ule 40) type of PVC pipe. A 
complete list of materials is given 
in the Parts List 








In the following steps, use a 
fine-toothed hacksaw or other 
saw for all cuts. File off rough 
edges. Use cement sparingly and 
assemble the pieces quickly after 
applying cement. Short sections 
of pipe (tubing) are used to join 
slip fittings and caps. Insert 
about one-half of the pipe in each 
fitting. 

1. Apply cement to one end of 
¥4-in. pipe A and insert half its 
length into the %4-in. arm of tee- 
joint B. 

2. Drill a %-in. hole in the center 
of a 1-in. cap C. 

3. Join cap C to tee-joint B with 
pipe D. Half the length of pipe D 
slips into cap C and the other half 
slips into tee-joint B. 

4. Drill a small hole through the 
center of %2-in. cap E. The hole 
should have a diameter slightly 
smaller than that of the nail to 
insure a tight fit. Force the nail 
securely through the hole, leaving 
the nail head and about % inch of 


Science Probe!, November, 1990 


HEMISPHERICAL 
WIND CUPS 


1/2"CAP 
DRILLED 


WITH CENTERED 
74 
HOLE 
MAGNET 
FROM 
REED SWITCH 
3/16" HOLE —-|~ 
3/4" SLIP 3/4” TUBING 
ELBOW 
h\ 1) 
S / 16” r : (4 ( a 
HOLES 
Ni 
MAST: MAGNETIC 
3/4"PVC REED SWITCH 


PIPE (RADIO SHACK 


. aN el 
9 
L 







3/8" HOLE 


E 
Tee NAIL 







DOWEL 


HEMISPHERICAL 
WIND CUPS 






1/4" 
WOOD DOWEL 
(2 REQUIRED) 


61/4" 


1/2" CAP 


1” SLIP TO 3/4” 
SLIP TEE JOINT 


3/ art 


Ab 
49-505) as 
1” CAP 
THERMISTOR 


>") (RADIO SHACK 
271-110) 


TWO !/16” HOLES 


Figure 3. Anemometer assembly exploded view and assembly details are given here. 
To understand how plastic pipe and fittings fit together, visit a home improvements 


store and actually handle the parts involved. 


the nail exposed. Apply cement 
around the nail from the inside of 
the cap. 

5. Drill a ¥%-in. hole 1% inches 
from one end of ¥%-in. pipe F 
Insert magnet G supplied with the 
magnetic reed switch into the 
hole from the outside and apply 
cement. Make certain the magnet 
is as flush with the side of the 
tubing as possible. (There will be 
a slight projection due to the 
curvature of the pipe). 

6. Cement nailed cap E to the 
end of pipe F closest to magnet G 
mounted in step 5. 

7. Drill a hole slightly larger in 
diameter than the head of the 
nail in cap E about “%c-in. deep 
into the inside of the center of 1- 
in. cap H. Be careful not to drill 
completely through the cap. Then 
drill two “%e-in. diameter holes 
offset from the center and 
completely through cap H. These 
two holes are for water drainage. 

8. Cement pipe | %-in. into the 
remaining end of the elbow B. 


Leave only % inch of pipe 
exposed. Do not cement the 
exposed end of the tubing. 

9. Temporarily insert pipe F 
inside tee-joint B. Push pipe F 
through the hole in cap C (from 
step 3), seat the other end with 
the nail in the hole in cap E (from 
step 8) and push this assembly 
together. The purpose of this 
assembly is to find the distance 
from the top of pipe F to the 
center of magnet G and to mark 
this point on the outside surface 
of elbow B. Measure 434 inches 
down from the top of pipe F and 
mark this point on the tee-joint 
assembly B directly below the %/4- 
in. projection on the tee on the 
tee-joint. 

10. Disassemble the parts and 
drill a %-in. hole at the marked 
point on tee-joint B from step 9. 
The hole should be directly below 
¥%-in. tee-joint. 

11. Insert magnetic reed switch J 
inside tee-joint B and push its 
leads and the body of the switch 
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SCIENCE FAIR 

Developing a Successful and 
Fun Project 

by Maxine Haren Iritz 


Around the time of the autum- 
nal equinox, hundreds of 
thousands of students and their 
parents begin thinking about sci- 
ence-fair projects. Maxine Iritz 
has written a fine handbook that 
will guide novice science-fair par- 
ticipants through the intricacies 
of conducting a science project. 
Even experienced science-fair 
buffs and science teachers will 
find some good tips here. 

The book, Science Fair: Develop- 
ing a Successful and Fun Project, 
provides solid, practical advice 
on how to select a research topic. 
Can the project be accomplished 
with the available resources? How 
much will it cost? Are there any 


Ley ii = 
Science Fair 
- Developing a Successful 
~ and Fun Project 





Maxine Haren Iritz 
Photographs, A. Frank fritz 


safety requirements? What are 
the prerequisites for working with 
living specimens? These are 
among the many questions an- 
swered here. 

Science projects require careful 
planning and organization. This 
book covers both these topics 
and gives good advice about how 
to conduct experiments, analyze 
results and write a research re- 
port. Science-fair projects also 


require a display, and this book 
describes how to plan and build 
an effective exhibit. Photographs 
of real science-fair projects at 
actual science fairs by A. Frank 
lritz, the author's husband, nicely 
complement the text. 

The back cover describes Max- 
ine and Frank Iritz as “..four-time 
Science Fair’ parents...uniquely 
qualified to write this book.” This 
former science-fair participant 
and long time science-fair judge 
heartily agrees and recommends 
the book as a good getting-start- 
ed resource for students, parents 
and teachers. Science Fair: De- 
veloping a Successful and Fun 
Project is available for $9.95 from 
Tab Books Inc., Blue Ridge Sum- 
mit, Pennsylvania 17294-0850. 
Check your local book store or 
call Tab at 1-800-233-1128. 


BUILDING SCIENTIFIC 
APPARATUS: 

A Practical Guide to Design 
and Construction (Secon 
Edition) 

by John H. Moore, 
Christopher C. Davis and 
Michael A. Coplan 


The art of the glassblower is not 
lost to University of Maryland au- 
thors Moore, Davis, and Coplan. 
Nor are they unfamiliar with spec- 
trometers, vacuum technology, 
lasers, electrostatic lenses, data 
acquisition and both digital and 
analog electronics. These and 
many related topics are concisely 
packaged in 549 fact-filled pages 
of Building Scientific Apparatus in 
a format highly reminiscent of 
“The Amateur Scientist” column in 
Scientific American in the days 
when C.L. Stong was its author. 

The use of the term practical in 
the book's subtitle is not without 
merit. Consider the opening sen- 
tence of the first chapter: “Every 
scientific apparatus, even a de- 
vice that is fundamentally 
electronic or optical in nature, 
requires a mechanical structure.” 
The text then goes on for 53 


pages to describe tools, materi- 
als, how materials are joined, and 
the physical principles of me- 
chanical design. 

The text is easy reading; what it 
describes is made tangible by 
hundreds of clear, large illustra- 
tions by James S. Kempton. A case 
in point is the paragraph on seal- 
ing metal electrodes inserted 
through glass and the accom- 
panying drawings. Another is the 
amply illustrated section on vari- 
ous kinds of optical dispersing 
instruments. 


Michael A. Coplan 





This second edition has been 
broadened to include new instru- 
ments, techniques and suppliers. 
The discussion of construction 
materials and the chapters on 
electronics and data acquisition 
have all been expanded. An en- 
tirely new chapter on 
temperature measurement tech- 
niques was contributed by 
Sandra C. Greer. 

Building Scientific Apparatus: A 
Practical Guide to Design and 
Construction is published by the 
Addison-Wesley Publishing Com- 
pany, Inc. The list price of $37.75 
may seem high—but that's less 
than seven cents per page for 
one of the best references for 
amateur and laboratory scientists 
this reviewer has seen. If ever 
there was required reading for 
the amateur scientist, this is it. * 
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lying model rockets is a chal- 

lenging and rewarding 

activity. However, if you fly 

model rockets for any period 
of time, you will eventually won- 
der if there is more you can do 
with them besides watching them 
fly up and parachute down. 


Model Rocket Payloads 


There is, of course, something 
more you can do with model rock- 
ets. Quite a bit more, in fact. 
Model rockets can carry objects— 
payloads—to high altitudes at an 
extremely low cost (typically less 
than two dollars per flight). A 
payload can be anything that per- 
forms a function during a model 
rocket’s flight, particularly an in- 
formation-gathering function. 
Among the possible payloads in 
this category are telemetry de- 
vices, accelerometers, 
atmospheric sampling devices, 
and aerial cameras. 

I've found aerial cameras the 
most interesting of payloads for 
several reasons. Much valuable 
information can be obtained from 
an aerial photo, using simple pho- 
to-interpretation techniques 
discussed later in this article. 
Making aerial photos is an ac- 
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Aerial 


Photograp 
with Model Koc 





A novel and exciting way to explore 

your surroundings as the birds see them 
and read the scars that people and nature 
left on the surface of the land! 


complishment in itself, and the 
photos are nice mementos of 
model rocket flights. Finally, cam- 
eras are just about the easiest 
payloads to work with, thanks to 
the fact that you can use “off-the- 
shelf” components to assemble 
your own model rocket camera 
system. 

If model rocketry is new to you, 
then you should know that it is a 
very safe and relatively easy ac- 
tivity. Model rockets are powered 
by specially designed engines 
that provide not only the propul- 
sion to boost a rocket from the 
ground (via a propellant charge), 
but also a tracking element that 
produces a highly visible smoke 
trail. The tracking element dou- 
bles as a timer that automatically 
activates an ejection charge sev- 
eral seconds after the propulsion 
or boost phase of the flight. The 
charge blows off the rocket's nose 
cone and deploys a recovery de- 
vice such as a streamer or 
parachute. 

You can find model rockets, en- 
gines and other supplies at many 
hobby shops, toy stores, and dis- 
count department stores, or you 
can contact Estes Industries (see 
Seeking More Information?) Estes 


Industries is the oldest and 
largest model rocket manufac- 
turer in the world and the 
company most responsible for 
the commercial development of 
model rocketry. You can find infor- 
mation about other model rocket 
companies in American Space- 
modeling, the official journal of 
the National Association of Rocke- 
try (NAR). 


Early Model Rocket Cameras 


When model rocketeers first 
sent up rockets, they did not have 
ready-to-use aerial photography 
equipment. The best that one 
could do was to strap a tiny 
camera to the side of a model 
rocket, work up some kind of shut- 
ter-release mechanism, and hope 
for the best. This is how the first 
recorded aerial photograph using 
a model rocket was produced, in 
1961, by Louis Dewart, a Pennsyl- 
vania model rocketeer. At para- 
chute ejection, the nose cone 
pulled a string attached to the 
camera's shutter. This was an un- 
certain proposition because 
there was no guarantee that the 
lens would be pointed toward the 
ground when the shutter snap- 
ped, but the camera worked. 








Summary 


Software and some external 
hardware can transform your 
personal computer into an 
inexpensive weather station that 
measures wind speed, and 
temperature. Save measurement 
data for future reference. 


the bounce by turning on the 
circuit for a short period of time 
as soon as the first switch closure 
is detected. The secret is to turn 
on the circuit for enough time to 
mask the bouncing, but not long 
enough to miss the switch open- 
ing and next closure. De-bouncing 
in this design is handled by an 
integrated circuit timer that gen- 
erates a short duration pulse to 
mask the switch bounce. More 
about this timer device later. 

In this design, which is shown in 
Figure 2, the timer is connected 
to an operational amplifier or op- 
amp. The op-amp outputs +9 
volts whenever the timer output is 
on. When the timer output is off, 
the op-amp output goes to —-9 
volts. The op-amp therefore con- 
verts “open/closed’ to *— 9- 
volts/+ 9 volts.” These voltage lev- 
els are compatible with the serial 
port signals and can be read by a 
PC-compatible serial interface. 
The op-amp, like the computer, 
operates at incredibly fast 
speeds compared to the switch 
closures, and there's no problem 
with missing switch openings and 
closings. 


Temperature 


Wind speed can be converted 
to electrical switch openings and 
closings, but what about measur- 
ing temperature? There are 
inexpensive electrical devices 
that will provide an electrical 
analog of temperature, produc- 
ing a voltage that increases with 
temperature, for example. 

One kind of temperature sensor 
is the thermistor, a thermal re- 
sistor whose resistance varies 
according to temperature. A nor- 
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Figure 2. WX Weather Station schematic diagrams two basic elements: the 
Anemometer circuit with a reed switch input, and a temperature circuit with a 
thermistor input. The coded letters are keyed to Figure 1 and the Parts List. 


mal resistor’s resistance also 
varies with temperature, but the 
thermistor’s resistance change is 
much more pronounced than a 
normal resistor’s change. Be- 
tween zero degrees Celsius (32 
degrees Fahrenheit) and 100 de- 
grees Celsius (212 degrees 
Fahrenheit), a typical thermistor's 
resistance will change by a factor 
of about 25. If we could measure 
the resistance change, we’d have 
a good analog of temperature 
change. 


How to Measure Resistance 


Unfortunately, we can’t mea- 
sure ohmic resistance directly 
with a computer system’s typical 
serial or parallel port. Those 
ports all read in discrete events; 
events that are there or not there, 
on or off, or ones or zeros. Since 
every PC-compatible has a serial 
port, we’ve chosen that port as 
the best interface choice. To 
effectively measure resistance, 
which is the analog of tempera- 
ture, we'll use an analog of 
resistance—time. The thermistor 
resistance will be converted into 
timing pulses. Since timing pulses 


are off or on, they can be read 
through the serial port as dis- 
crete events and measured by a 
computer program. 

The diagram of the circuit that 
converts the thermistor’'s resis- 
tance into timing pulses is shown 
in Fig. 2. It uses a very common, 
inexpensive integrated circuit 
called a 556 timer. The 556's chief 
function is to produce timing 
pulses. The number of timing 
pulses per second is dependent 
upon the resistance of the ther- 
mistor, all other things being 
constant. At 0 degrees C., the 
resistance of a typical thermistor 
is about 27,000 ohms. (The ohm is 
a measure of resistance, just as 
the volt is the unit of electrical 
voltage and the ampere is the 
unit of electrical current.) This 
resistance causes the 556 circuit 
in Fig. 2 to generate about 600 
timing pulses per second. At 20 
degrees C. (68 degrees F), the 
resistance of the thermistor is 
about 12,000 ohms and the 
number of timing pulses per sec- 
ond is about 3063. 

Like the anemometer, we don’t 
have to precisely know how many 
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Home Computer Weather Station 





nbelievable as it may ap- 

pear, the WX Weather 

Station I’m about to de- 

scribe can measure wind 
speed and temperature for less 
than $35. There are two catches: 
You'll need an IBM PC-compatible 
computer system to use the 
Weather Station. Second, you'll 
need to spend a few hours as- 
sembling the station. 

If that last condition horrifies 
you, let me cajole you with a few 
sweet words: The assembly is an 
easy step-by-step process that 
I've outlined in detail. The benefits 
of. a few hours work dre great: A 
weather station that will not only 
measure outside temperature 
and wind speed with a moderate 
amount of accuracy, but one that 
can log temperature and wind 
speed to a disk file automatically, 
recording intervals as small asa 
few seconds. Once the data is 
logged you can then process it 
using any word processing pro- 
gram. You'll even be able to graph 
the data with other commonly 
available software packages. 

Only thirteen electronic parts 
plus batteries are required for 
the weather station. All of the 
parts are readily available at any 
well-equipped electronics parts 
store or from many mail-order 
electronics companies that ad- 
vertise in Science Probe!, Popular 
Electronics, and Radio Electronics. 
All of the mechanical parts may 
be found in hardware stores that 
sell PVC sprinkler pipe fittings. 

For those of you who hate build- 
it-from-scratch projects, a com- 
plete kit of all parts is available. 
See details later in this column. 


Wind Speed 


Some wind-speed measuring 
devices are purely mechanical, 
relying on displacement of a 
pivoted arm over a calibrated 
scale. Others have a revolving 
propeller or wind cup mounted on 
the shaft of an electrical gener- 
ator that generates a current 
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proportional to wind speed. The 
current is then displayed ona 
meter face that is calibrated in 
miles per hour or knots. More 
elaborate wind-speed indicators 
convert wind speed into discrete 
electrical pulses that are then 
counted by digital electronic cir- 
cuitry. 

The disadvantage of these de- 
vices is that wind speed can be 
measured, in some cases very 
accurately, but not automatically 
recorded. Furthermore, commer- 
cial units are expensive and they 
do much the same thing as the 
WX Weather Station that you can 
build for considerably less. 

The low-cost scheme we've 
chosen is simple but accurate. 





Figure 1. Anemometer operation is 
simple! The wind rotates four cups 
connected to a shaft. The shaft, with an 
embedded magnet, rotates. The magnet 
activates a magnetic reed switch twice 
for each rotation of the shaft. The switch 
closures provide an electrical signal for 
the PC computer. The coded letters are 
keyed to Figure 3 and the Parts List. 


The wind rotates four cups con- 
nected to a shaft as shown in Fig. 
1. The shaft, which has a magnet 
embedded in it, rotates within an 
outer casing. The magnet acti- 
vates a magnetic reed switch 
positioned to come into close 
proximity to the magnet as the 
shaft rotates. For each rotation of 
the shaft, the magnetic reed 
switch is closed twice. The mag- 
netic reed switch is an enclosed 
unit that eliminates failures due 
to dirty contacts or obstructions. 

For a continuous breeze of 10 
miles (16 kilometers) per hour, the 
wind cup assembly should travel 
10 miles (16 kilometers) in an hour. 
This is equivalent to 52,800 feet 
(16,093 meters) per hour or 176 
inches (447 centimeters) per sec- 
ond. 

The circumference of the wind 
cup assembly is 18.8 inches (47.8 
centimeters). You’d expect about 
nine rotations per second (176/19) 
for a 10-mile (16-kilometers) per 
hour wind. Because of frictional 
losses of the opposing wind cups, 
though, a more realistic speed is 
about two revolutions per second 
in a 10 mile-per-hour wind. 

Once the assembly starts to 
turn, the speed of rotation in- 
creases in linear fashion with the 
wind. A wind speed of 60 miles 
per hour gives about 12 revolu- 
tions per second for a 10-mile per 
hour wind. The exact calibration 
for translation from rotational 
speed to wind speed is done by 
computer software once the ane- 
mometer is built. 


Anemometer Connections 


Magnetic reed switches do not 
close instantaneously. There is 
some switch bounce before the 
switch contacts settle down. Actu- 
ally, you can expect several 
makes and breaks of a few thou- 
sandths of a second. If we are to 
read a switch closure, we must 
find a way to handle this switch 
bounce. All circuits that eliminate 
switch bounce effectively mask 
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By Michael A. Banks 


Other experiments followed, each 
meeting with varying levels of 
success. Among these were suc- 
cessful flights of model rockets 
carrying spring-powered 8mm 
motion picture cameras. 

In the 1960s, Estes Industries 
began a program to develop a 
camera that could be flown in a 
model rocket. The problems in- 
volved in creating a reliable self- 
actuating camera that could be 
safely flown as a model rocket 
payload included: 

@ Operational/mechanical design 
requirements—activating the 
camera shutter at the desired 
time during the booster rocket’s 
flight. 

@ Photo quality—compensating 
for variable lighting conditions 
and the rapid movement of the 
camera. 

® Timing the camera. 

® The safe flight and recovery of 
the relatively heavy camera. 

e@ Size and weight limitations— 
until very recently, a model rocket 
with payload could not, by FAA 
regulation, weigh more than 2.2 
kilograms (1.0 pound), the limit is 
now 8.8 kilograms (4 pounds). 

In 1965, Estes introduced the 
first commercial model rocket 


Summary 


The fastest and cheapest way to 
make an aerial photograph from 
an altitude of up to 300 meters | 
(around 1,000 feet) or even higher | 


_ | is by means of a miniature 
| camera designed to be flown in a 


model rocket. Michael Banks, an 


| experienced model rocketry writer, 
‘| reviews the history of model 

| rocketry aerial photography and 

| describes in detail a popular, 

| inexpensive model rocket camera | 
| system that exposes one frame per | 

| flight. Also presented are methods |~ 

| for interpreting aerial 


photographs and computing the 
size of objects on the ground and 
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Fig. 1. The Camroc, the first commercial 
model rocket camera. 


camera, which pretty much 
solved all the design problems. 
Dubbed the Camroc, it was a 
small cylinder of black plastic 
that formed the forward section 
or nose cone of the rocket. The 
lens was mounted at the blunt, 
forward end of the camera. 

The Camroc, which is shown in 
Figure 1, exposed a single frame 
per flight. The film consisted of a 
12.7 millimeter (0.5 inch) disc of 
black and white Tri-x film. Estes 
supplied and developed the fast 
(ISO 400) film discs. 

The use of engines with an ex- 
tra-long delay between 
propellant burnout and ejection 
permitted the Camroc and its 
booster rocket to turn nose to the 
ground and begin descending be- 
fore the ejection charge was 
activated. At this point, the 
Camroc was ejected, a small 
string released the shutter, and 
the recovery parachute was de- 
ployed. 

In 1970, Estes introduced the 
Cineroc aerial movie camera. Like 
the Camroc, the Cineroc formed 
the nose cone of its booster rock- 
et. Figure 2 shows a Cineroc atop 
a 2-stage rocket lifting off froma 
volcanic mesa near Albuquerque, 
New Mexico. 
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Fig. 2. A 2-stage rocket built by Science 
Probe! editor Forrest M. Mims, Ill flies a 
Cineroc motion picture camera high 
above an ancient lava flow. 


The Cineroc camera used 
Super-8 motion-picture film ina 
cartridge. The speed at which the 
camera operated (31 frames per 
second) was higher than normal 
so that the film, when projected 
at normal, Super-8 speeds, could 
be viewed in slow motion. This 
was a very practical approach, 
since the boost and coast phases 
of a typical model rocket flight 
last only three to five seconds. 





The Cineroc was carried to an 
altitude of 300 meters (1,000 feet) 
or more by a two-stage rocket. 
The camera carried approximate- 
ly 10 feet of Super-8 color film— 
enough for 40 seconds of proj- 
ection time that showed the 
ground below during the rocket's 
ascent and part of the descent. 

The Cineroc’s lens was mounted 
on the side of the camera. The 
lens faced a small mirror which 
was mounted at a 45-degree an- 
gle inside an aerodynamically 
shaped hood. The mirror looked 
down along the rocket's body 
tube, thus giving a view looking 
backward between the rocket’s 
fins. It also provided spectacular 
images of stage separation when 
the booster stage burned out and 
fell away in flight. 


Aerial Photography Today 


The Camroc and the Cineroc are 
no longer available. However, a 
single-exposure model rocket 
camera called the AstroCam 110 is 
available from Estes Industries. 
The AstroCam 110 is far superior 
to the original Camroc. Among 
the improvements this camera 
brought to model rocket aerial 
photography are color film and 
the convenience afforded by the 
fact that it uses the ubiquitous 110 
film cartridges available virtually 
everywhere. 

The use of cartridge film means 
you can have a one-hour film 
processor make prints of your 
aerial photographs the same day 
you send the camera rocket on a 
series of flights. Cartridge film 
also means you don’t have to 
change film before each flight. All 
that's required is to advance the 
film one frame after each flight. 

Like the Camroc and the Cin- 
eroc, the AstroCam 110 doubles as 
the model rocket's nose cone. As 
shown in Figure 3, the Astrocam 
110 resembles the Cineroc in ap- 
pearance, and it uses the same 
side-mounted lens and mirror 
technique. The mirror faces for- 
ward, however, and the AstroCam 
110, like the Camroc, is designed 
to take photos while the nose of 
the rocket points toward the 
ground. Because the image is re- 
flected from the mirror, the 
photograph will be reversed if it . 
is printed normally. If possible, 
you should have your Astrocam 
110 negatives reversed when 
prints are made. 

Both the AstroCam 110 camera 
and its rocket booster are sold 
together for less than $35.00 (un- 
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REPORT From The THIRD PLANET 





Figure 5, The caldera of Mt. St. Helens from about four miles away. 


system of the area. Numerous 
hiking trails through the devas- 
tated area are also now open. For 
the more adventurous, the south 
side of Mt. St. Helens is open for 
climbing by permit from May 15 
through November 1; a maximum 
of 100 climbers per day is al- 
lowed. The climb is a non- 
technical ascent but should only 
be attempted by persons in good 
physical condition. Climbing per- 
mits and more details on other 
activities can be obtained from 
Mt. St. Helens National Volcanic 
Monument, Route 1, Box 369, Am- 
boy, WA, 98603. 

And what of Mt. St. Helens’s 
future? The last prior period of 
activity was from 1831 to 1857, 
with more than a dozen signifi- 
cant eruptions recorded in that 
period. The volcano greeted 1990 
with another eruption of ash, and 
many geologists feel the current 
cycle may have several more 


volcano at the lower left. 
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Figure 6. Spirit Lake as viewed from Windy Ridge, with the timber blown off by the 


years left to run. It is likely that 
Tahonelatclah still has some sur- 
prises in store for us! 


Other Cascade Volcanoes 


Mt. St. Helens is far from the 
only volcano in the Pacific North- 
west that’s considered to be still 
active and capable of erupting. 
Seven have been active since Eu- 
ropean settlement began, and 
others have steam vents (called 
fumaroles) or other evidence of 
thermal activity inside them. 

Mt. Ranier, shown in Figure 4, 
rises 14,410 feet and is topped 
with summit craters whose rims 
remain snow-free due to heat and 
steam emission. In fact, steam 
has melted out a series of ice 
caves underneath the snow pack 
of the craters. 

Deposits of pumice on Mt. Rain- 
er’s glaciers indicate that there 
was at least a mild eruption 
sometime between 1820 and 1855, 








with 1846 considered most likely 
due to a missionary's account of 
“smoke’ from the mountain that 
year. 

Another Washington volcano is 
Mt. Baker, which was active nu- 
merous times in the early 19th 
century. Particularly spectacular 
eruptions were observed in 1843, 
1859, and 1880. Its summit crater 
discharges large quantities of 
steam and hydrogen sulfide, mak- 
ing it second only to Mt. St. Helens 
in activity. 

Mt. Hood is the highest moun- 
tain in Oregon at 11,245 feet and 
strikingly beautiful when viewed 
from the west. It is also home to 
enough fumaroles to produce a 
visible steam plume around the 
summit on some days. It went 
through a cycle of mild eruptive 
activity from 1853 to 1869 and 
there may have been an eruption 
of ash as recently as 1907. 

Prior to the Mt. St. Helens event, 
the last volcanic eruption in the 
continental United States was in 
1917 at northern California’s 
Lassen Peak. Today, the areais a 
volcanic national park which lets 
you see what the Mt. St. Helens 
area may look like in another fifty 
years. If you plan to visit the area, 
don’t miss it! 

The Lassen Peak eruption was 
similar in many ways to the one 
at Mt. St. Helens, although much 
less violent and destructive. Like 
Mt. St. Helens, there was an area 
scoured of trees and other plant 
life by hot ash clouds and 
pyroclastic surges. Today the re- 
growth process is nearly 
complete, although the decaying 
trunks of dead trees and some 
scarred land still testify to Lassen 
Peak’s destructive power. There is 
a relatively easy trail to the 10,457 
foot summit, where two craters 
and a field of black lava can be 
seen. 

Perhaps the most curious as- 
pect of Mt. St. Helens’s recent 
activity has been that it was 
alone. Historically, the volcanoes 
of the Cascade range have often 
erupted in pairs. In 1843, Mt. 
Baker and Mt. St. Helens were 
active while Mt. Baker and Mt. 
Hood both erupted in 1859. While 
it’s not yet possible to accurately 
predict volcanic eruptions, it 
would surprise no one if Mt. St. 
Helens soon had company. * 


der $30.00 in many discount and 
hobby stores). Engines are retail- 
priced at 3 for $3.95, but you can 
buy them from some dealers for 
around one dollar per engine. 

The camera and the rocket 
booster require assembly. Figure 
4, for example, shows the compo- 
nents of the disassembled 
camera. Fortunately, most of the 
assembly is relatively simple, re- 
quiring white glue, plastic model 
glue, plastic cement, an X-acto 
knife, and sandpaper. Only the 
installation of the camera’s plas- 
tic lens is rather difficult and 
critical. Nevertheless, | recom- 
mend that you build and fly two 
or three model rockets before 
trying the AstroCam 110. 

The AstroCam 110 has a focal 
length of 30mm and a fixed aper- 
ture setting of f/16. Made entirely 
of plastic (with the exception of 
the shutter spring and string), the 
camera is 16.5cm (6.5 inches) long 
and 3.5cm (1.4 inches) in diame- 








Fig. 3. An AstroCam 110 camera and 
booster rocket. (Photo courtesy Estes 
Industries.) 


ter. When loaded with a film 
cartridge, the camera weighs 
only 49.9 grams (1.76 ounces). 

The booster rocket is a treated 
cardboard cylinder with a plastic 
fin unit. A cardboard-and-metal 
engine mount installed inside the 
tube secures the engine in place 
during flight. The entire pack- 
age—camera and booster— 
weighs less than 2.2 kilograms (1 
pound) at liftoff. 


How the AstroCam 110 
Works 


The AstroCam 110's shutter 
mechanism is a piece of plastic 
with a centered hole that slides 
over the lens. A spring at one end 
of the shutter pulls the shutter 
and exposes the film for approxi- 
mately 1/500th of a second when 
a string that holds the shutter- 





slide mechanism is released by 
the ejection of the camera/nose 
cone. 

In operation, the film cartridge 
is loaded and advanced to the 
first frame and a built-in “light- 
lock’ cover is slid over the lens. 
This prevents stray light from fog- 
ging the film. The string that 
holds the shutter slide against 
the tension of the spring is then 
pulled tight. This moves the shut- 
ter to a position where, when the 
string is rel@ased, the spring will 
pull the shutter slide back. When 
this happens, the image reflected 
from the mirror passes through 
the hole in the shutter slide for 
1/500th of a second and a frame 
of film is exposed. 

The camera/nose cone is placed 
on the booster rocket, with the 
string placed in a special groove 
in the camera’s base and held in 





Fig. 4. A disassembled AstroCam 110 
model rocket camera. 


place by friction. The rocket is 
then prepared for flight like any 
other rocket and placed on the 
launch pad. The light lock should 
be opened immediately before 
launching the rocket. 

Because of the relatively heavy 
camera/nose cone, the Astrocam 
110 must be flown with a model 
rocket engine that has a short 
burn time. This gives the rocket 
the extra "kick” needed to get the 
extra weight off the ground. The 
engine must also have an extra- 
long delay time between pro- 
pellant burnout and nose-cone/ 
parachute ejection. 

The recommended engine for 
use with the AstroCam 110 booster 
rocket is a C6-7, which has a short 
burn time—the larger the second 
number on an engine number, the 
shorter the burn time—and a 7- 
second delay between propellant 
burnout and ejection. However, 
other engines can also be used as 
you gain experience with the sys- 
tem. 

After the engine is ignited, the 
rocket immediately lifts off the 
launch stand and is said to be in 
the boost phase of flight until 
propellant burnout. The rocket 
then coasts to apogee (the high- 
est point in its flight). At apogee, 
the rocket arcs over and begins 
falling to earth with its nose cone 
pointed down. When the ejection 
charge separates the Astrocam 
110 from the booster rocket, the 
shutter string is released and the 
current frame of film is exposed. 
The camera and booster rocket 
then float to the ground under a 
parachute. 


Flying the AstroCam 110 


Before flying any model rocket, 
you and those who assist you 
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should be familiar with and follow 
the safety precautions accom- 
panying this article. You should 
also follow all state and local 
regulations. 

It is recommended that you use 
fast ISO 400 speed film with the 
AstroCam 110. This film is avail- 
able in 110 cartridges, but you 
may have to visit a camera shop 
to find it. While ISO 400 speed film 
provides grainier images than 
slower films, its high sensitivity is 
needed because of the Astrocam 
110's fast shutter speed and the 
slightly reduced light level 
caused by the mirror. 

As previously indicated, the As- 
troCam 110’'s booster is prepared 
and flown like any other model 
rocket. There are some special 
considerations, however: e¢ Before 
launching, the light lock must be 
slid back, to uncover the lens. | 
mention this because even those 
who have flown hundreds of As- 
troCam 110 flights sometimes 
forget to uncover the lens and 
end up wasting a flight (and an 
engine). e When you recover the 
camera after a flight, you must 
slide the light lock back into place 
over the lens and advance the 
film. If you don’t do this imme- 
diately, you may ruin the current 
shot, or double-expose it on the 
next flight. @ If you fly an Astro- 
Cam 110 in windy conditions, you 
may wish to angle the launch rod 
slightly in the direction from 
which the wind is blowing, to 
ensure the camera and rocket will 
drift back into the recovery area, 
rather than far away with the 
wind. 

The dynamics of model rocket 
flight are such that if a wind is 
biowing, a modei rocket will 
“weathercock,’ or tilt into the 
wind—altering its travel from true 
vertical and into the wind. Thus, 
the rocket will fly away from the 
launch site in the direction from 
which the wind is blowing, rather 
than straight up. When the rocket 
floats down under its parachute, 
it will be carried by the wind back 
toward the launch area, rather 
than away from it. 

How far the rocket goes into the 
wind depends in large part on 
how hard the wind is blowing. You 
can get a good idea of how far 
you should tilt the Astrocam 110 
into the wind through test flights 
of other model rockets, bearing in 
mind the fact that the Astrocam 
110 has a tendency to weather- 
cock more than the average 
model rocket because of its 
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MODEL. ROCKET SAFETY 
PRECAUTIONS - 


Z By Forrest M. Mims, WE 


Since 1959 I’ve flown dozens of dif- 


ferent kinds of model rockets. Some 
were equipped with miniature guid- 
ance systems and telemetry transmit- 
ters while others carried either still or 
motion picture cameras. In all these 
years, |'ve yet to have an accident. You, 
too, can fly safely if you follow some 
basic safety precautions. 

The National Association of Rocketry 
(NAR), the Hobby Industry of America 
and various other organizations have 
prepared a Model Rocketry Safety 
Code which gives important guidelines 
about the safe launch and recovery of 
model rockets. Every person who 
launches or assists with the launch of a 
model rocket should be familiar with 
the Model Rocketry Safety Code. The 
code is available from the NAR and 
manufacturers of model rockets such 
as Estes Industries. 

Here are some general safety pre- 
cautions that specifically apply to the 
AstroCam 110 model rocket camera 
system: 


@ Only commercial, unmodified mode! 
rocket engines should be used to pro- 
pel the AstroCam 110. 

@ The AstroCam 110 should always be 
flown with a recovery system such as a 
parachute or streamer. 

@ Always fly the AstroCam 110 from an 
open space free of tall trees, buildings 
and power lines. 

e Never fly the AstroCam 110 when the 
wind speed exceeds 30 kilometers per 
hour (approximately 20 miles per 
hour). 

@ Always use a remotely-controlled 
electrical ignition method to ignite the 


greater nose weight. 

Another way to keep the Astro- 
Cam 110 from drifting far from the 
iaunch site as it descends is to 
speed up its descent. You can do 
this by cutting a hole two or three 
inches in diameter in the center 
of the parachute or by taping the 
parachute’s shroud lines together 
halfway from the point where 
they attach to the AstroCam 110. 
This prevents the parachute from 
opening completely, thereby 
speeding the descent. Another 
option is to use a parachute 
smaller than the one supplied 
with the rocket. 

Both the camera and rocket are 
sturdy, and easily capable of sur- 
viving hard landings. Therefore, 
on ultra-high flights consider 
using streamer recovery instead 
of a parachute to reduce the 
chance of losing both rocket and 
camera. 

If the possibility of the camera 


: AstroCam 110 booster engine. Elec- 
trical igniters are supplied with model 


rocket engines. Z 
® inform all people in the vicinity be- _ 
fore launching the AstroCam 110. Z 
@ Protect your eyes by placing a safety g 
Cap over the end of the AstroCam 110 _ 
launch rod. Remember to remove the _ 
cap before launch and to replace the : 
cap after launch. 

@ Clear dry grass and other flammable — 
matter from around the AstroCam 110 © 
launcher and use non-flammable para 
chute recovery wadding. : 
@ Do not recover an AstroCam 110 
whose parachute becomes entangled 

in power lines. Instead, notify the power 
company. ; 

e@ Read and follow the NAR Model 
Rocket Safety Code before flying the - 
AstroCam 110 or any other model rock- 
et. 


While preparing for an AstroCam 110 
flight, it's easy to forget simple but vital 
steps like opening the AstroCam 110’s 
light lock. Here's a final tip that will help 
give you safe launches and successful 
flights: Prepare a written check list and 
stick to it! 

In the case of the AstroCam 110, the 
check list should include such seem- 
ingly simple items as “Slide open the 
light lock;” “Remove launch rod cap:” 
and “Start verbal countdown.” The 
check list should include post- flight 
and post-recovery instructions also, in- 
cluding ° ‘Replace launch rod cap,” 

“Close light lock;” and ‘Advance film.” 

Remember, prepare a check list and 
ee it each time you fly your AstroCam 

0! 


and booster separating when the 
parachute ejects concerns you 
(this can happen because of the 
comparatively heavy camera and 
the stress it puts on the shock 
cord connecting the two), you can 
rig separate parachutes for the 
booster and the camera. Be sure 
the parachutes you use are small- 
er than the original parachute. 
Each parachute will be carrying 
less weight, and there’s a limit to 
how much you can pack into the 
rocket’s body tube. 

You'll find that lighting is an 
important aspect of picture quali- 
ty. You can control lighting 
conditions to some degree by 
carefully choosing when to make 
aerial photographs. In general, 
the best times of the year to fly 
aerial photo missions are during 
late spring, summer, and early 
fall. The earth's albedo (reflec- 
tivity) is at its best during this 
period, thanks to the sun’s light 





How to build a high-paying career, 
even a business of your own, 
in computer programming. 


C, and COBOL. Then, rounding out 
your training, you use your modem to 
“talk” to your instructor, meet other 
NRI students, even download pro- 
grams through NRI’s exclusive pro- 
grammers network, PRONET. 





baud internal modem, 640K RAM, 
disk drive, monitor, and invaluable 
programming software—BASIC, Pas- 
cal, C, and COBOL—all yours to keep. 
You get the experience and the 
know-how, the computer and the 
software to get to the heart of every 
programming problem, design imagi- 
native solutions, then use your choice 
of four key computer languages to 
build original, working programs. 


No matter what your background, 
NRI gives you everything you 
need to succeed in programming, 
today’s top-growth 
computer career field. 

You need no previous experience to Open it up and you'll find vivid 
build a successful programming career descriptions of every aspect of your 
with NRI training. Indeed, your NRI NRI training. You'll see the computer 
lessons start by walking you step by system included in your course up 

step through the fundamentals, giving _ close in a special, poster-sized foldout 
you an expert understanding of the section. And, best of all, you'll find out 
programming design techniques used how your NRI training will make it 
every day by successful micro and easy for you to build that high-paying 
mainframe programmers. And then career—even a business of your own—in 
the fun really begins. computer programming. 


Your career in computer 
programming begins with 
your FREE catalog from NRI. 


For all the details about NRI’s at-home 
training in Computer Programming, 
send the coupon today. Soon you'll 
receive NRI’s fascinating, information- 
packed, full-color catalog. 





RICK BRUSH, 
NRI PROGRAMMER/ANALYST 


Start with training that gives you 
hands-on programming experience 
—at home and at your own pace. 
Training that begins with BASIC, 
then continues with Pascal, C, and 
COBOL—today’'s hottest computer 
languages. Training that even 
includes a powerful IBM-compatible 
computer, modem, and program- 
ming software you keep. 

Start with real-world training. 
The kind of training only NRI 
provides. 





Now with NRI’s new at-home training 
in Computer Programming, you can be 
one of today’s highly paid, creative 
team of computer wizards who give 
computers the power to carry out an 
astonishing range of business, profes- 
sional, and personal applications. Now, 
with NRI, you can be a computer 
programmer, ready to build a high- 
paying career—even a business of 
your own— making computers do 
anything you want them to do. 





You master today’s hottest computer languages, gaining the skills you need to 
build programs for a wide varlety of real-world applications. 


With your personal NRI instructor 
on call and ready to help, you use your 
computer and software to actually 
design, code, run, 

debug, and 

document 
programs in 

BASIC, Pascal, 


Send for your NRI catalog today. 
it’s yours, free. 

If the coupon is missing, write to us at 

the NRI School of Computer Program- 

ming, McGraw-Hill Continuing Educa- 

tion Center, 4401 Connecticut Avenue, 

NW, Washington, DC 20008. 


IBM is a Registered Trademark of the IBM Corporation 











The only programming course 
that includes a powerful 
computer system and 
software you keep. 
Unlike any other school, NRI 
gives you hands-on programming 
experience with a powerful IBM 
compatible West Coast com- 
puter system, including 2400 
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Only NRI gives you an IBM-compatible computer with modem, 
640K RAM, disk drive, monitor, and software—BASIC, Pascal, C, 
and COBOL—all yours to keep! 
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REPORT From The THIRD PLANET 


the Mt. St. Helens National Vol- 
canic Monument. The slow speed 
you’re forced to drive at is no 
problem, since you'll want to take 
plenty of time to experience what 
lies ahead. 

Highway 26 is deceptive at first. 
You initially find yourself in a thick 
forest which completely blocks 
any view of the mountain. For a 
few minutes, you might wonder if 
you took the correct turn, since it 
seems impossible that anything 
like the May 18 eruption could 
have taken place so near. But 
after about eight miles, some- 
thing remarkable happens. Within 
a few yards, the lush forest 
abruptly changes into an eerie 
ghost of itself. Trunks stripped of 
bark and limbs stand amid others 
blown to the ground. Of those still 
standing, the sides facing south 
are seared and blackened. You 
have now entered the area de- 
stroyed by the ash cloud 
discharged in the first moments 
of the May 18 eruption. 

As the accompanying photos 





geologists, the path of destruc- 
tion allowed them to learn a great 
deal about the dynamics of such 
ash cloud discharges. 

Ryan Lake is a place of death 
and rebirth. It was once a beauti- 
ful campsite, and some campers 
died there on May 18, 1980. But 
look at the lower left of Figure 1— 
yes, those are flowers and leafy 
plants. The area’s heavy precipita- 
tion washed away some ash and 
let the soil absorb the rest. Seeds 
and roots of buried plants have 
begun to germinate again, and 
plant life is re-establishing itself 
throughout the outer fringes of 
the blast area. Figure 2 shows an 
area that has made a significant 
recovery, with hillsides that are 
actually green. While it will take 
decades to fully re-forest the 
area, the speed which plant life 
has made a comeback is amaz- 
ing. 

Animal life is starting to return 
and adapt to the new conditions. 
Chipmunks have learned that 
tourists are reliable food sources, 


Figure 4. The bleak, devastated area close to Mt. St. Helens. Note the absence of 
any plant life and Mt. Ranier in the distance. 


show, the transition between un- 
affected forest and the blast area 
is sudden. Figure 1 shows Ryan 
Lake, about 12 miles from the 
volcano. The tree trunks in the 
foreground have been burned 
and snapped, while in the back- 
ground one can see a ridge where 
untouched trees meet damaged 
ones. This illustrates the ca- 
pricious nature of the ash cloud; 
the difference between survival 
and death for plant, animal, and 
human life was often just a few 
feet. In many cases, the ash cloud 
behaved more like water than 
solid particles. Note the pattern 
of destruction in the background 
of Figure 1; it seems as if the ash 
cloud “splashed up’ the ridge be- 
fore dropping back. For 
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and you are quickly approached 
by them whenever you stop to 
look at something. Figure 3 shows 
one enjoying a bite of an apple 
near Ryan Lake. Small burrowing 
animals such as these were 
among the first to return after the 
eruption; many of them were 
safely underground when the 
eruption struck while their pre- 
dators were destroyed. Ironically, 
their lives have been made easier 
by the eruption. To a casual ob- 
server, it seems as if their biggest 
challenge in this unusual environ- 
ment might be overpopulation. 
As you approach closer to Mt. 
St. Helens, the landscape be- 
comes progressively harsher. The 
final approach to the crater is 
along highway 99, which inter- 


sects with highway 26. At this 
intersection is the Meta Lake 
Miner’s Car, which belonged to 
two victims of the eruption. The 
car is now enclosed by a fence, 
but the effects of the blast—in- 
cluding melting of the windshield 
glass—are plainly visible. Along 
highway 99, there are few traces 
of plant life. Moreover, no trees 
are left standing; all were blown 
down. Figure 4 shows a view east 
from highway 99 toward Mt. 
Ranier. Except for the absence of 
craters and the omnipresent 
chipmunks, the gray, ash-covered 
landscape strongly suggests the 
surface of the moon. 

Highway 99 terminates at Windy 
Ridge, about four miles from the 
crater (since it’s over a mile 
across, it is termed a caldera). 
Figure 5 shows the view from 
there; although the lava dome is 
hidden from view, steam is visible 
rising from it. Windy Ridge also 
offers a superb view of Spirit 
Lake, shown in Figure 6. At the left 
is an enormous accumulation of 
timber blown off Mt. St. Helens by 
the blast. Even almost a decade 
later, enough remains to keep 
Spirit Lake almost 30 feet higher 
than its pre-1980 level. Note the 
position of the trees at the lower 
right of Figure 6. The fallen trees 
are pointing uphill, an indication 
of the tremendous power of the 
1980 eruption. 

Windy Ridge can be easily 
climbed (if you’re physically fit) 
via a series of wooden steps lead- 
ing to its top. Windy Ridge is 
completely covered with ash and 
pumice, volcanic rocks which are 
so light they can float in water. 
Pumice is formed from gas-rich 
magma; as it cools, the gas is 
released to produce a porous 
rock. One of the major surprises 
atop Windy Ridge are a few 
blades of grass and thin flowers 
which poke their way up from the 
ash and pumice. The pumice ac- 
tually aids in the recovery of plant 
life by providing shade for return- 
ing plants. 

Several activities take place 
daily in the National Volcanic 
Monument during the summer 
tourist season, conducted by Na- 
tional Park Service personnel. 
These activities, including guided 
hikes and interpretive talks, help 
explain various aspects of the 
eruption and the recovering eco- 


falling at a more direct angle. The 
best times of day to fly in any 
season are between 8:00 AM and 
11:00 AM, and between 1:00 PM 
and 4:00 PM, when light levels are 
ideal and there are few, if any, 
long shadows. In most regions, 
you'll find the afternoon hours to 
be less windy than in the morn- 
ing. 

Aiming the camera is the only 
aerial photography problem that 
remains to be solved. Because 
model rockets often roll in flight 
and when turning over at apogee, 
there is no way to be sure the 
AstroCam 110’s lens will be point- 
ing at your subject. Here are a few 
techniques that will give you 
some control over the direction 
the lens will be pointing when the 
shutter snaps: 

@ Tilt the launch rod so that the 
rocket will travel at an angle (with 
or without wind) to place it above 
the area you wish to photograph 
at apogee. 

e Use an engine with a shorter 
delay time between propellant 
burnout and parachute ejection 
(such as a C6-3 or a C6-5). This will 
often result in the shutter being 
snapped while the rocket is arc- 
ing over at apogee, resulting in a 
view of the horizon such as the 
One in Figure 5. 

e@ Use a lower-power engine with 
a short delay (such as a B4-2 or 
B4-4) to keep the rocket close to 
the ground and thus very near or 
within the launch area. This meth- 
od is especially useful if you want 
to get a shot of the launch area. 

Even though aiming the camera 
is not a reliable procedure, you 
can still come up with some sur- 
prisingly well-aimed shots. A good 
example is the photo-mosaic 
shown in Figure 6. 


Interpreting Aerial 
Photographs 


As | mentioned at the beginning 
of this article, considerable infor- 
mation can be obtained from an 
aerial photograph. Extracting this 
information doesn’t require ex- 
pensive, specialized equipment. 
Much of the information in an 
aerial photograph is obvious. For 
example, a photograph that 
shows traces of furrows that are 
not apparent at ground level re- 
veals that a now-fallow field was 
once cultivated. In the same man- 
ner, you can find evidence of old 
roads, field boundaries, and 
building sites. 

Roads and foundations mark 
the landscape by changes in soil 





Fig. 5. A high-altitude AstroCam 110 horizon photograph. Note scratches on photo 
due to poor handling. 


and by the color of the plants 
that grow over them. Plant colors 
differ either because the plants 
vary from those nearby or be- 
cause their distribution and size 
is either enhanced or diminished 
by the remains of the old road or 


structure. If no plants are growing . 


in the area, an aerial photograph 
will often reveal the presence of 
abandoned roads and building 
sites as straight lines or scars 
that are simply not noticeable at 


Fig. 6. A photo-mosaic can be made from pairs of AstroCam 110 photos. 





ground level. 

Similarly, the colors of bodies of 
water can yield immediate infor- 
mation. Shallow water is usually a 
lighter color than deep water and 
sometimes blue as compared to 
green. A dark green color indi- 
cates the growth of algae, while a 
dark brown color indicates the 
water has been disturbed by a 
strong current or the runoff from 
a river or stream. 

Considerable less-than-obvious 


November, 1990, Science Probe! 


99 


100 





information can be gleaned from 
AstroCam 110 photos by studying 
object sizes, colors, and other 
features using the same methods 
that geographers, surveyors, ur- 
ban planners, and agronomists 
use to study photographs ob- 
tained from aircraft and 
satellites. Many features of the 
land, plants, and man-made ob- 
jects that are not noticeable from 
the ground really stand out when 
viewed from the air. We'll examine 
some of these features and how 
to identify them next. 

Remember that your Astrocam 
110 photos will be reversed unless 
you have the prints reversed dur- 
ing processing! Always take this 
into consideration when inter- 
preting AstroCam 110 photos. 


Information from Colors 


Colors in a photograph can pro- 
vide quite a bit of information— 
particularly where large areas 
are involved. The photograph in 
Figure 7, for example, shows what 
appear to be two small lakes 
bisected by a road. Actually, the 
lake on the left is formed by a 
stream which has pooled behind 
a dam over which the road runs. 
The dam controls the stream’s 
feed into the main lake on the 
right. All of this was determined 
simply by studying the colors in 
the photograph. In the original 
photo, the water to the left of the 
dam is blue, and evenly colored, 
while the water to the right is 
brown and unevenly colored. The 
muddying of the pool to the right 
indicates that it is being stirred 
by the runoff from the other side 
of the dam, while the consistent 
blue color of the other pool indi- 
cates a relatively quiet body of 
water which is fed by a stream 
whose flow is too small to disturb 
it below the surface. 

Incidentally, note that this pho- 
to was taken at a slightly oblique 
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Fig. 7. Oblique AstroCam 110 photo of a lake. 


angle. This is quite helpful, since 
the panoramic viewpoint pro- 
vides a better perspective of the 
scene than a vertical shot would 
have. 

The original photo (Figure 7) 
also shows a marked difference 
in the colors of grass in two 
sections of the photo. In the field 
on the lake side of the photo 
(below the road that parallels the 
lakes), the grass is mixed green 
and brown. This indicates either 
close cutting, a dry season, or the 
beginning of the growing season. 
The field in the upper right 
portion of the photo is almost 
entirely brown. This probably indi- 
cates close mowing. 

One might also infer that it has 
recently rained from the fact that 
there is runoff from the small lake 
into the large lake. Combine this 
with the brown grass throughout 
the photograph and you have 
strong evidence that people are 
mowing their grass a bit too 
closely. 

As long as the lighting condi- 
tions are the same, you can learn 
much by comparing the colors in 
different photographs. For exam- 
ple, assume you have two 
AstroCam 110 photographs that 
were exposed on the same clear 
day within half an hour of one 
another. The field in the first pho- 
to is uniformly dark green while 
the field in the second photo is a 
dull green with streaks of yellow. 
Obviously the field in the second 
photo is not as healthy as the 
field in the first photo. 


Information from Patterns 


You may have noticed some 
lines on the ground in the photo 
in Figure 7. The lines in the penin- 
sula of land that projects into the 
uppermost pool are mowing pat- 
terns. Others may not be. For 
example, take a look at the left 
side of the photo, about halfway 





up. Looking left to right you'll see 
a uniformly shaded, triangular 
area, then a faint pattern of par- 
allel, straight rows. While both the 
uniformly shaded area and the 
rows are recently cut grass, the 
area with the rows was once used 
to grow crops. 

In the photo in Figure 8, you'll 
notice some regular rows and a 
number of irregular tracks. The 
regular rows are areas in which 
crops were recently grown, while 
the irregular tracks imply that 
someone has been randomly driv- 
ing through the field. 

Also in Figure 8, notice the gen- 
tle curving of the regular rows to 
the right. This indicates a slope in 
the land since cultivated fields 
follow the contours of the land, 
and tend to curve when the land 
slopes. Unlike the other aerial 
photos accompanying this article, 
the photo in Figure 8 is a vertical 
shot which provides no real infor- 
mation about land contours. 
Therefore, we must infer them 
from the curves of the furrows. 
Drainage patterns will also help 
you determine the slope and gen- 
eral lay of the land. 


Determining When a Photo 
Was Taken 


It is possible to estimate the 
time of day a photo was taken by 


MODEL ROCKETRY 
ON THE COMPUTER 
NETWORKS 


Most major computer networks host 
hobby/technical forums or special-in- 
terest groups (SIGs) that accommo- 
date model rocketry. These forums and 
SIGs, the most popular of which are 
listed below, provide model-rocket in- 
formation and software, as well as ac- 
cess to other model rocketeers. 

e@ BIX. Type JOIN AVIATION/MODEL 
ROCKETRY, and you'll meet G. Harry 
Stine, the engineer and writer who 
played a pivotal role in the formation of 
model rocketry in the late 1950s. Stine 
is the author of The Handbook of Model 
Rocketry and many articles about 
model rocketry. 

© CompuServe. CompuServe users 
should check out the Model Builders’ 
Forum (type GO MODELNET at any 
prompt); the sysop (system operator) 
is Doug Pratt, author of Basics of Model 
Rocketry (Kalmbach Books). 

@ DELPHI. The model rocketry clear- 
ing house is the Hobby SIG, where 
Charlie Bachand manages model 
rocketry, space, and other science-ori- 
ented topics. (Type GO GR HOB.) 

@ GEnie. GEnie members will want to 
check out the Hobby RoundTable (type 
M180 to access it). A special section of 
this special-interest group covers re- 
mote control aircraft and model rocke- 


try. 


xxx Uniden CB Radios kx* 


styled to compliment other mobile audio equipment. 
Uniden CB radios are so reliable that they have a two 


| 
® The Uniden line of Citizens Band Radio transceivers is 
year limited warranty. From the feature packed PRO 
810E to the 310E handheld, there is no better Citizens 


$12,000,000 
Scanner Sale 


Uniden Corporation of America has pur- 
chased the consumer products line of Re- 
gency Electronics Inc. for $12,000,000. To 
celebrate this purchase, we’re having our 
largest scanner sale in history! Use the 
coupon in this ad for big savings. Hurry...offer 
ends January 31, 1991. 


* *& &k MONEY SAVING COUPON * x x 


Get special savings on the scanners 
listed in this coupon. This coupon must 
be included with your prepaid order. 
Credit cards, personal checks and quan- 
tity discounts are excluded from this 
offer. Offer valid only on prepaid orders 
mailed directly to Communications Elec 
tronics Inc., P.O. Box 1045- Dept. UN/4, 
Ann Arbor, Michigan 48106-1045 U.S.A. 
Coupon expires January 31, 1991. 

Coupon may not be usedin conjunction 
with any other offer from CEI. Coupon 
may be photocopied. Add $12.00 for 
shipping in the continental U.S.A. 

RELM RHG6O6B-A ....... $419.95 
RELM RH256B-A .. ( 
Bearcat 8OOXLT-A...... $229.95 
Bearcat 200XLT-A...... $229.95 
Bearcat 100XLT-A...... $179.95 
Bearcat 7OXLT-A........ $139.95 
Bearcat 5S5XLT-A......... $99.95 
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Uniden CARD-Ai........ $144.95 
Uniden RD3XL-A1 ...... $144.95 
Uniden RDOXL-A........ $119.95 


kk VALUABLE COUPON & kk 
Bearcat? 760XLT-A 


List price $499.95/CE price $254.95/SPECIAL 
12-Band, 100 Channel © Crystalless ¢ AC/DC 
Frequency range: 29-54, 118-174, 406-5 12, 806-956 MHz. 
Excludes 823.9875-849.0125 and 868.9875-894.0125 MHz. 
The Bearcat 760XLT has 100 programmable chan- 
nels organized as five channel banks for easy use, 
and 12 bands of coverage including the 800 MHz. 
band. The Bearcat 760XLT mounts neatly under 
the dash and connects directly to fuse block or 
battery. The unit also has an AC adaptor, flip down 
stand and telescopic antenna for desk top use. 6- 
5/16" W x 156" H x 7%” D. Model BC 590XLT-A1 is 
a similar version without the 800 MHz. band for 
a new low price of only $194.95. Order today. 


NEW! Uniden® Telephones 


AM470D-A Uniden answering machine............ 
AM464-A Uniden answering machine. 

AM468V-A Uniden answering machine 
AM460-A Uniden answering machine. 
AM480-A Uniden answering machine. 
FP300-A Uniden feature phone..... 






FP302-A Uniden feature phone............... ... $49.95 
FP320S-A Uniden feature speakerphone.......... $49.95 
FP322S-A Uniden feature speakerphone.......... $59.95 
XE570-A Uniden cordless phone.................. $74.95 
XE422S-A Uniden cordless speakerphone....... $109.95 
XE777S-A Uniden cordless speakerphone....... $109.95 
BT100-A Uniden Trimstyle phone.................. $17.95 
KT280-A Uniden Family phone with 911 feature... $29.95 
FF150-A Uniden Executive phone................. $39.95 


RELM® RH256B-A 


List price $587.50/CE price $299.95/SPECIAL 
16 Channel © 25 Watt Transceiver © Priority 
The RELM RH256B is a sixteen-channel VHF land 
mobile transceiver designed to cover any frequency 
between 150 to 162 MHz. Since this radio is 
synthesized, no expensive crystals are needed to 
store up to 16 frequencies without battery backup. 
All radios come with CTCSS tone and scanning 
capabilities. A monitor and night/day switch is also 
standard. This transceiver even has a priority func- 
tion. The RH256 makes an ideal radio for any police 
or fire department volunteer because of its low cost 
and high performance. A 60 Watt VHF 150-162 
MHz. version called the RH606B-A is available 
for $429.95. A UHF 15 watt, 16 channel version of 
this radio called the RU156B-A is also available 
and covers 450-482 MHz. but the cost is $454.95. 





Band radio on the market today. 
PRO310E-A Uniden 40 Ch. Portable/Mobile CB... $83.95 
PRO330E-A Uniden 40 Ch. Remote mount CB... $104.95 
ER100-A Uniden Emergency CB Mobile - $49.95 
GRANT-A Uniden 40 channel SSB CB mobile 












PC122-A Uniden 40 channel SSB CB mobile..... $119.95 
PROS10XL-A Uniden 40 channel CB Mobile’...... $38.95 
PRO510AXL-A Uniden CB Mobile with antenna ... $49.95 
PRO520XL-A Uniden 40 channel CB Mobile ...... $56.95 


PRO640E-A Uniden 40 channel SSBCB Mobile ... $137.95 
PRO810E-A Uniden 40 channel SSB CB Base... $174.95 


** * Uniden Radar Detectors* x x 


Buy the finest Uniden radar detectors from CEI today. 
RD3XL-A Uniden 3 band radar detector .. $159.95 
RD8-A Uniden visor mount radar detector ......... $89.95 
RD9GTL-Ai Uniden“Passport’ size radar detector. .. $99.95 
RD®XL-A1 Uniden “micro” size radar detector ...$124.95 
RD27-A Uniden visor mount radar detector........ $54.95 
RD99GT-A Uniden remote mount radar detector... $119.95 
CARD-A1 Uniden credit card size radar detector... $159.95 


Bearcat® 200XLT-A 

List price $509.95/CE price $239.95/SPECIAL 
12-Band, 200 Channel © 800 MHz. Handheld 
Search © Limit © Hold @ Priority © Lockout 
Frequency range: 29-54, 118-174, 406-512, 806-956 MHz. 
Excludes 823.9875-849.0125 and 868.9875-894.0125 MHz. 
The Bearcat 200XLT sets a new standard for hand- 
held scanners in performance and dependability. 
This full featured unit has 200 programmable 
channels with 10 scanning banks and 12 band 
coverage. If you want a very similar model without 
the 800 MHz. band and 100 channels, order the 
BC 100XLT-A for only $189.95. Includes antenna, 
carrying case with belt loop, ni-cad battery pack, 
AC adapter and earphone. Order your scanner now. 


Bearcat® 8OOXLT-A 

List price $549.95/CE price $239.95/SPECIAL 
12-Band, 40 Channel @ No-crystal scanner 
Priority control © Search/Scan @ AC/DC 
Bands: 29-54, 118-174, 406-512, 806-912 MHz. 
Now...nothing excluded In the 806-912 MHz. band. 
The Uniden 800XLT receives 40 channels in two banks. 
Scans 15 channels per second. Size 9%" x 4%" x 12%." 
With nothing excluded in the 806-912 MHz. band, this 
scanner is an excellent choice for law enforcement 
agencies. If you do not need the 800 MHz. band, a similar 
model called the BC 210XLT-A is available for$178.95. 


NEW! Bearcat® 147XL-A 

List price $189.95/CE price $94.95/SPECIAL 
10-Band, 16 Channel @ No-crystal scanner 
Priority control © Weather search © AC/DC 
Bands: 29-54, 136-174, 406-512 MHz. 

The Bearcat 147XL is a 16 channel, programmable 
scanner covering ten frequency bands. The unit features 
a built-in delay function that adds a three second delay 
on all channels to prevent missed transmissions. A 
mobile version called the BCS6OXLT-A featuring pri- 
ority, weather search, channel lockout and more is 
available for $94.95. CEI's package price includes 
mobile mounting bracket and mobile power cord. 


NEW! Ranger’ RCI2950-A 
List price $549.95/CE price $249.95/SPECIAL 
10 Meter Mobile Transceiver @ Digital VFO 
Fuii Band Coverage © Aili-Mode Operation 
Backlit liquid crystal display © Auto Squelch 


RIT @ 10 Programmable Memory Positions 
Frequency Coverage: 28.0000 MHz to 29.6999 MHz. 


The Ranger RCI2950 Mobile 10 Meter Transceiver 
by Ranger, has everything you need for amateur 
radio communications. The RF Power control fea- 
ture in the RCI2950 allows you to adjust the RF 
output power continuously from 1 watt through a 
full 25 watts output on USB, LSB and CW modes. 
The RCI2950 also features a noise blanker, roger 
beep, PA mode and more. The Mic Gain Control 
adjusts the gain in transmit and PA modes to 
maximize talk power. Digital VFO. Built-in S/RF/ 
MOD/SWR meter. Frequency selections may be 
made from a switch on the microphone or the front 
panel. There is even a repeater split switch for 
repeater offsets. The RCI2950 lets you operate 
AM, FM, USB, LSB or CW for full mode operation. 
The digitally synthesized frequency control gives 
you maximum stability. There’s also RIT (Receiver 
Incremental Tuning) to give you perfectly tuned 
signals. With memory channel scanning, you can 
scan ten pre set frequencies to keep track of all the 
action. An optional CTCSS tone board is available 
(order # RTONE) for $59.95. For technical ques- 
tions, call Ranger at 714-858-4419. Order your 
Ranger RCI2950 from CEI today. 


BC760XLT 
800 MHz. 
mobile scanner 


SPECIAL! 
Circle 14 on Free Literature Listing on page 112 








*** Extended Service Contract *** 
If you purchase a scanner, CB, radar detector or cordless 
phone from any store in the U.S. or Canada within the last 30 
days, you can get up to four years of extended service 
contract from Warrantech. This service extension plan begins 
after the manufacturer's warranty expires. Warrantech will 
perform all necessary labor and will not charge for return 
shipping. Extended service contracts are not refundable and 
apply only to the original purchaser. Warrantech does not 
have an extended warranty plan for handheld scanners. For 
mobile or base scanners, CB radios or radar detectors a 1 
year extended warranty is $19.99, two years is $39.99 and 
four years is $59.99. Order your service contract today. 


OTHER RADIOS AND ACCESSORIES 
BCS5XLT-A Bearcat 10 channel scanner ........ $114.95 
AD100-A Plug in wall charger for BC55XLT........$14.95 
PS001-A Cigarette lighter cable for BCS55XLT 
VC001-A Carrying case for BC55XLT.... 
BC7OXLT-A Bearcat 20 channel scanner. 
BC172XL-A Bearcat 20 channel scanner. f 
BC1-A1 Bearcat Information scanner with CB....$119.95 
BC310A-A Bearcat Information Radio............. $79.95 
BC330A-A Bearcat Information Radio............ $104.95 
UC102-A Regency VHF 2 ch. 1 Watt transceiver...$114.95 
UC202-A Regency VHF 2 ch. 2 Watt transceiver... $149.95 
VM200XL-A Uniden Video monitoring system..... $179.95 
BP205-A Ni-Cad batt. pack for BC200/BC100XLT. .. $39.95 
FBE-A Frequency Directory for Eastern U.S.A.....$14.95 
FBW-A Frequency Directory for Western U.S.A.....$14.95 
RFD1-AMI, IL, IN, KY, OH, WI Frequency Directory ... $14.95 
RFD2-A CT, ME, MA, NH, RI, VT Directory......... $14.95 
RFD3-A DE, DE, MD, NJ, NY, PA, VA, WV Dir....... $14.95 
RFD4-AAL, AR, FL, GA, LA, MS, NC, PR, SC, TN, VI...$14.95 
RFDS5-AAK, ID, IA, MN, MT, NE, ND, OR, SD, WA, WY ... $14.95 
RFD6-A CA, NV, UT, AZ, HI, GU Freq. Directory....$14.95 
RFD7-ACO, KS, MO, NM, OK, TX Freq. Directory.... $14.95 
SMH-A Scanner Modification Handbook........... 

ASD-A Airplane Scanner Directory.......... 
SRF-A Survival Radio Frequency Directory 
TSG-A “Top Secret” Registry of U.S. Govt. Freq.... $14.95 












TTC-A Tune in on telephone calls.................. $14.95 
CBH-A Big CB Handbook/AM/FM/Freeband....... $14.95 
TIC-A Techniques for Intercepting Communications ...$14.95 
RRF-A Railroad frequency directory ............... $14.95 


EEC-A Embassy & Espionage Communications.... $14.95 
CIE-A Covert Intelligence, Elect. Eavesdropping .. . 





MFF-A Midwest Federal Frequency directory. $14.95 
A60-A Magnet mount mobile scanner antenna $34.95 
A70-A Base station scanner antenna.......... $34.95 





USAMM-A Mag mount VHF ant. w/ 12’ cable...... 
USAK-A %" hole mount VHF ant. w/ 17’ cable..... $34.95 
Add $4.00 shipping for all accessories ordered at the same time.. 
Add $12.00 shipping per radio and $4.00 per antenna. 


BUY WITH CONFIDENCE 

To get the fastest delivery from CEI of any scanner, send 
or phone your order directly to our Scanner Distribution 
Center” Michigan residents please add 4% sales tax or 
supply your tax I.D. number. Written purchase orders are 
accepted from approved government agencies and most 
well rated firms at a 10% surcharge for net 10 billing. Allsales 
are subject to availability, acceptance and verification. On 
all credit card orders, the ship to address must exactly match 
the credit card billing address. If the billing address is a P.O. 
Box or a P.O. Box Zip® Code, UPS can not deliver to that 
address. When this occurs, the order must be shipped by 
mail at a higher cost to you. To avoid this extra charge, you 
may mail us a check with your order. Prices, terms and 
specifications are subject to change without notice. All 
prices are in U.S. dollars. Out of stock items will be placed on 
backorder automatically or equivalent product substituted 
unless CEl is instructed differently. A$5.00 additional hand- 
ling fee will be charged for all orders with a merchandise 
total under $50.00. Shipments are F.O.B. CEI warehouse in 
Ann Arbor, Michigan. No COD's. Most items listed have a 
manufacturer's warranty. Free copies of warranties on these 
products are available by writing to CEI. Non-certified checks 
require clearance. Not responsible for typographical errors. 

Maii orders to: Communications Electronics,” 
Box 1045, Ann Arbor, Michigan 48106 U.S.A. Add 
$12.00 per scanner for U.P.S. ground shipping and 
handling in the continental U.S.A. For Canada, 
Puerto Rico, Hawaii, Alaska, or APO/FPO delivery, 
shipping charges are two times continental U.S. 
rates. If you have a Discover, Visa, American Express 
or MasterCard, you may call and place a credit card 
order. 5% surcharge for billing to American Express. 
Order toll-free in the U.S. Dial 800-USA-SCAN. 
In Canada, dial 800-221-3475. FAX anytime, dial 
313-971-6000. If you are outside the U.S. or in 
Michigan dial 313-973-8888. Order from CEI today. 


Scanner Distribution Center™ and CEI logos are trade- 
marks of Communications Electronics Inc. 
Sale dates 7/15/90 — 1/31/91 AD #071590-A 


Copyright © 1990 Communications Electronics Inc. 


For credit card orders call 


1-800-USA-SCAN 


™ 


COMMUNICATIONS 
ELECTRONICS INC. 


Consumer Products Division 
P.O. Box 1045 0 Ann Arbor, Michigan 48106-1045 U.S.A. 
For orders call 313-973-8888 or FAX 313-971-6000 









REPORT From The THIRD PLANET 


porarily shutting the river to 
ocean-going freighters. 

By 5:30 PM., the eruption began 
to subside. It was later estimated 
that the energy released since 
8:32 A.M. had been equivalent to 
27,000 Hiroshima-size atomic 
bombs. Over a billion board-feet 
of timber had been toppled. And 
Mt. St. Helens, which had stood 
9677 feet tall that morning, now 
was only 8364 feet tall. The sym- 
metrical summit cone had been 
replaced by a gaping ‘amphi- 
theater” crater measuring about 
a mile and half wide and open to 
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Coldwater 


Toutle River 


the north. The mountain had liter- 
ally decapitated itself. 


Rebirth 


Mt. St. Helens erupted spo- 
radically during the rest of 1980, 
although the eruptions were rela- 
tively minor compared to the 
cataclysm of May 18. Since 1980, 
most activity has been restricted 
to discharges of steam and the 
extrusion of stiff, pasty lava form- 
ing a “plug” in the volcano’s 
central conduit. By 1989, the lava 
dome rose almost 1000 feet 
above the crater floor and was 
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Mount St. Helens National 
Volcanic Monument, a 
National Forest 
administrated by the 
Department of Agriculture, 
has an irregular and 
confining border due to 
man’s encroachment on 
nature—no matter how 
dangerous that may be. 





about 3500 feet wide; at the cur- 
rent rate of growth. Mt. St. Helens 
will return to its former height in 
about two centuries. And, incredi- 
bly, life is returning to the area 
north of the mountain. 

Mt. St. Helens is easily visible 
during clear weather along the 
Interstate 5 highway from north 
of Vancouver, WA to about 
Chehalis, WA. Its broad, flattened 
summit is quite distinctive, par- 
ticularly during winter when a 
plume of steam is often visible 
above the snow-capped summit. 
However, to truly grasp the mag- 
nitude of what happened—and is 
happening—at Mt. St. Helens, you 
should visit the Mt. St. Helens 
National Volcanic Monument. 

A good place to start is at the 
Mt. St. Helens Visitor Center, which 
can be reached by taking Exit 49 
off Interstate 5 near Castle Rock, 
WA, and traveling five miles east 
on highway 504. The center offers 
unobstructed views of the west 
side of the mountain, and tele- 
scopes are available for a closer 
look. Inside, there are exhibits 
and multi-media presentations 
that give a thorough overview of 
the geology and history of Mt. St. 
Helens. Maps of the area and 
information on road conditions 
within the monument (many of 
which are closed by winter snows) 
can also be obtained. From the 
center, you can follow highway 
504 for another 15 miles to its end 
at the Debris Dam viewpoint. The 
name is self-explanatory; it marks 
the location of a dam constructed 
to prevent damage due to lahars 
in future eruptions. 

Unfortunately, there is no direct 
route from the visitor center east 
to the volcano. Return to Inter- 
state 5 and travel north until Exit 
68, and take highway 12 east to 
Randle. This route will soon bring 
the mountain’s north side into 
view, although it is frequently 
obscured by hills and numerous 
trees. However, there is one good 
viewpoint between Mossyrock 
and Morton on a hilltop which is 
clearly marked. Although Mt. St. 
Helens is still distant, the open 
side of the crater is clearly visible 
from there. At Randle, take high- 
way 25 south nine miles until it 
intersects with highway 26. High- 
way 26 is a narrow, twisting 
single-lane road (with turnouts to 
allow two-way traffic) leading into 


studying the length of shadows 
objects cast. If there are no shad- 
ows, or very small shadows, the 
photo was made at or near noon. 

In general, if the shadows are 
long, the time was more likely 
early morning or late afternoon, 
unless, of course, the photo was 
made far north in Canada or Alas- 
ka at certain times of the year. 

The direction of the shadows, if 
you can determine them (knowing 
which way is north in the photo 
helps), will tell you the time of 
year the photo was made. The 
presence or lack of plant foliage, 
snow and other seasonal clues 
can also help you determine ap- 
proximately when a photo was 
made. Knowing the time of year 
will help you pinpoint the time of 
day, as the length of a shadow at 
the same time each day varies 
with the day of the year. 


Determining the Size of 
Objects 


Sometimes it is important to 
know the size of objects shown in 
an aerial photograph. If there is 
an object of a known size (per- 
haps an automobile or house) 
near the center of the photo and 
if the photo was taken from a 
vertical or near-vertical angle, it 
is easy to determine the relative 
sizes of objects near the refer- 
ence object. 

If no reference object is avail- 
able, you can determine the sizes 
of objects in a photograph, pro- 
vided you know the altitude from 
which the photo was made, by 
measuring the size of the object 
on the negative. You then insert 
these measurements into this 
simple equation: 


O = H(I/F), 


where, H is the height (altitude) of 
the camera; O is the actual size of 
an object on the ground; / is the 
size of the object’s image as mea- 
sured on the negative; and F is 
the camera’s focal length (30mm 
for the AstroCam 110). 

The altitude and the dimensions 
of the object should be in meters. 
The camera's focal length and 
size of the object’s image on the 
negative should be in millimeters. 
The metric system is used be- 
cause the one constant, the focal 
length of the AstroCam 110 lens, 
like virtually all other camera 
lenses, is given in millimeters. 

Here’s an example: If we know 
that the AstroCam 110 was 175 
meters above the ground when 
the photo was taken, and an ob- 
ject on the negative is 2 
millimeters long, the equation 
would look like this: 

(175 x 2)/30 = 11.67 meters. 

Remember, you must measure 
the image size on the negative, 
not the print. The only exception 
is if you have a contact print in 
which the size of the print and the 
negative are identical. Avoid 
scratching or touching the sur- 
face of the negative when making 
measurements. 


Determining Altitude 


The same variables in the equa- 
tion given above can be used to 
determine the altitude from 
which a photo was taken. We 
must, of course, rearrange the 
equation to solve for the altitude: 


H = O(F/I). 


We can use the same numbers 
in our previous example to solve 
for H. Assume the actual length of 
a truck in the photo is 11.67 








meters and its image as mea- 
sured on the negative is 2 
millimeters. Then H = (11.67 x 
30)/2 or 175 meters. Note that 
both equations can be used with 
any aerial photograph as long as 
you know the focal length of the 
camera, have the photo negative, 
and can measure an image on the 
negative in millimeters. 


Future Developments 


The AstroCam 110 makes only 
one exposure per flight and has a 
maximum ceiling of around 600 
meters (approximately 2,000 feet) 
when launched with commonly 
available engines. Despite these 
limitations, the AstroCam 110 is 
currently the most economical 
aerial photography tool available. 

Future model rocket camera 
developments may well include a 
revival of motion-picture pho- 
tography and the capability of 
taking more than one still pho- 
tograph per flight. Individuals 
working alone or in small groups 
and model rocket manufacturers 
are currently developing both 
types of cameras. Also promising 
is the continuing miniaturization 
_of video camera technology. * 


Fig. 8. Vertical AstroCam 110 photo of 
an open field. 
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Molten lava rock continually 
reshapes the Earth's surface. 


Test tube recreation of 


Earth's primeval chemistry. 


Ultraviolet Response of the Casio ® 


Take a spectacular video voyage 


2 7 
(320 to 400 nanometers) and UV-B from the depths of the sea to the 


n March of 1988, | entered in of the UV that reaches the Earth’s 


102 


my laboratory notebook a con- 

ceptual design for a watch that 

would incorporate an ultra- 
violet-ray monitoring system. | 
intended to submit the design to 
the creative engineers who de- 
sign Casio watches. Little did | 
know they were way ahead of me. 

The result of Casio's effort is the 
UV-100, a digital watch that 
monitors the ultraviolet (UV) rays 
from the sun and provides, ac- 
cording to its user’s manual, ‘a 
general guide to suntanning.” The 
watch also incorporates a timing 
function that integrates the UV 
over time and then beeps to indi- 
cate various levels of 
accumulated UV. The alarm levels 
can be personalized by entering 
one of six numbers that denote 
one's natural skin pigmentation. 

The UV-100 indicates the inten- 
sity of UV by means of an analog 
bar graph along the top of its 
display. The bar graph has 15 
marked but unnumbered gradua- 
tions with 30 resolution elements. 
Each graduation represents 0.4 
milliwatts per square centimeter. 
Readings are not instantaneous. 
Instead, a button is pressed, and 
the bar graph indicates the UV 
intensity within 2 seconds. 

The 2-second delay is a clumsy 
design feature, especially for a 
reviewer used to seeing UV levels 
the instant a button is pressed. 
The delay prevents one from 
pointing the watch at various 
portions of the sky and landscape 
while watching the bar graph 


surface is scattered from air mol- 
ecules and is not direct sunlight. 
Since the UV-100 detector is re- 
cessed, it’s field of view appears 
to be around 100 degrees at the 
points where the UV it detects 
falls to half its maximum value. 

The list price of the UV-100 is 
$69.95. Substantial discounts, 
however, are available from some 
dealers. 


Tanning Versus Burning 


It’s important to remember that 
the UV-100's user’s guide states 
that the instrument provides *a 
general guide to suntanning.” The 
user’s guide does not state that 
the UV-100 provides a guide to 
erythema or sunburn. Neverthe- 
less, since the two phenomena 
are so closely related to one’s 
exposure to the sun, let’s examine 
this subject in more detail. 

Ultraviolet rays are categorized 
according to wavelength as LIV-A 


TRACKING DAILY UV WITH THE 
CASIO UV-100 


While the Casio UV-100 was designed 
for sun bathers, hikers, cyclists and 
anyone else who spends time in the 
sun, it might be of interest to the ama- 
teur scientist who wishes to make daily 
measurements of UV. | have done this 
for more than two years with a variety of 
UV detectors and have made a number 
of interesting observations on the effect 
of smoke, haze, clouds and ozone on 
the UV from the sun. 

The UV-100 can be used to measure 


(290 to 320 nanometers). Sunburn 
is caused by a narrow band of UV- 
B wavelengths near 300 
nanometers while tanning is 
caused by a broader band of UV-A 
wavelengths. Different kinds of 
optical filters and detectors are 
usually used to measure the in- 
tensity of the UV-B that causes 
sunburn and the UV-A that causes 
tanning. 

Optical filters selectively trans- 
mit some wavelengths while 
blocking others. Interference fil- 
ters transmit a very narrow band 
of wavelengths five to 10 
nanometers wide. Therefore they 
are well suited for measurements 
of burning rays. Absorption fil- 
ters, which are easier to make 
and cheaper, pass a broad spec- 
trum of wavelengths up to 100 
nanometers wide. They are some- 
times used for measurements of 
tanning rays. 

The back of the UV-100 is se- 


TABLE 1—TEST OF CASIO UV-100 
ULTRAVIOLET RESPONSE* 














UV-100 WG305 WG345 
(bare) Filter Filter 















Earth's many asteroid impact sites. 
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An ancient “supercontinent” 
tearing apart to form 
todays world. 
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Acclaimed PBS Series now on home video! 
Not available in stores! 





Stunning photography! Spectacular graphics! Incredible special effects! 


@ You are invited on an incredible voyage 
of discovery. To witness the “Death Star” 
that may have destroyed the dinosaurs. To 
fast-forward in geological time to see Cali- 
fornia collide with Alaska. To ride the solar 
wind at a mind-boggling one million miles 
per hour! 

Plunge into the blistering depths of the 
Sun...sweep past the forbidding moons of 
Jupiter. ..discover the strange, fascinating 
forces of creation at work. 

Now, you can thrill to the most spectacu- 
lar video epic ever made: the world 
acclaimed PBS production, Planet Earth — 
available for the first time on home video! 


Astonishing new discoveries! 


You'll see how climate changes 
destroyed great civilizations. Watch Pan- 
gaea, an ancient “supercontinent/’ break up 
and move across the Earth to form the con- 
tinents of today. Peer into live volcanoes — 
and the Sun's core. See earthquakes in 
action! Learn the perils of giobal warming. 
Travel from the ocean floor to distant 
planets ...and beyond. 

Here, with spectacular, Emmy award- 
winning color photography and brilliant 
special effects, is the gripping history of 
our planet — as it has never been told 
before! 


No Risk Guarantee! 
Convenient monthly installments. 


PLANET 
BART 





PLANET EARTH 
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Earths rotation helps create 
hurricanes, as seen from space. 





“Northern Lights”... 
Earth's magnetic field clashing 
with the solar wind. 






7 videos — 
7 hours! 


© 1990 MBI 


Please Respond 
Promptly 


Easton Press Video 
47 Richards Avenue 
Norwalk, Conn. 06857 


Call Toll-Free: 1-800-367-4534 


Yes! Please send me Planet Earth — the com- 
plete set of 7 one-hour video cassettes. 
I understand only VHS is available. 


Name 
PLEASE PRINT CLEARLY 


Address 





flicker back and forth. the UV from the overhead sky if you For thousands of years, Man has wondered Not sold in stores, Planet Earth is available City/State/Zip 

As for the bar graph, | would stand with your back to the sun and about the powerful forces of Nature shap- exclusively from Easton Press Video. Each ; 
much rather see a digital repre- place the watch in your shadow. It can Mean: ing his world...but could only guess at the Set of seven videos is only $195.65; payable gienatate fTnasw aber «Roa 
sentation of the UV, Casio also detect the UV reflected from build- Standard answers. Now, in just the past ten years, in 7 convenient monthly installments of Charge each of 7 monthly installments of 
provides both bar graph and dig- ings, sand, snow and plants. Deviation 167 .250  .250 quantum leaps in science have solved _ just $27.95" each — with no finance charge! $28.67* to my credit card: 


ital readouts of altitude and 
barometric pressure on its ba- 
rometer and altimeter watches. 
Why not the UV-100 also? 

Ideally, the detector in the 
UV-100 would be able to *see’ a 
180-degree field of view. That's 
because up to half or even more 
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The broadband response of the 
UV-100 and the low resolution of its bar- 
graph readout leave much to be desir 
ed. But these drawbacks are offset to 
some degree by the instrument's 
portability and the fact that it also func- 
tions as a watch, countdown timer and 
stopwatch. : 


















*The UV-100 response normalized to the WG305 
filter is 5.167 + 333 or 0.705. Therefore, 70.5% of 
the UV-100's response is within the transmission 
region of the WG345 filter (above 345 
nanometers), and 29.5% of the UV-100's re- 
sponse is outside the transmission range of the 
WG345 filter (between 305 and 345 nanometers). 
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Figure 2. Green undergrowth is rapidly re-establishing itself near the boundaries of 


the Mt. St. Helens National Volcanic Monument. 


flows are highly destructive, they 
are usually predictable and sta- 
ble. In other volcanoes, the 
magma mixes with gases under 
high temperatures and pressure. 
When it reaches the volcano’s 
crater, the sudden release of 
pressure causes the magma to 
“explode” with enormous force 
and scatter lava as fragments 
instead of a liquid stream. This 
was the case at Mt. St. Helens on 
May 18, 1980. 

While geologists correctly pre- 
dicted that Mt. St. Helens would 
produce a major eruption, the 
ferocity of the May 18 event was 
unexpected. It began with an 
earthquake measuring 5.1 cen- 
tered directly beneath the 
bulging north side of the moun- 
tain. Two geologists, Keith and 
Dorothy Stoffel were flying ina 
small plane near Mt. St. Helens at 
that time and reported seeing the 
horth side begin to ripple and 
churn. The top of the north side, 
weakened by the internal pres- 
sure causing the bulge, collapsed. 
Fresh lava fragments mixed with 
the material, and the resulting 
avalanche swept downward to- 
ward Spirit Lake at a speed 
estimated to have been over 150 
miles per hour. A blast of heat 
and volcanic ash flashed from the 
opening left by the summit col- 
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lapse. Within seconds, the ash 
cloud and blast overtook the 
summit avalanche and expanded 
outward in a fan shaped arc that 
eventually covered an area 19 
miles to the north and 23 miles 
from east to west. The ash cloud 
hugged the ground and moved at 
speeds estimated to have been 
over 500 miles per hour; within it, 
temperatures topped 600° Fahr- 
enheit. In the first eight miles 
north of the mountain, it was as if 
a red-hot sandblaster had been 
unleashed. Trees and topsoil were 
blown away to expose underlying 
rock. Further away, trees were 
snapped in half and seared. 

It was the ash cloud that 
claimed most of Mt. St. Helens's 
victims. Most did not die from 
burns but of suffocation. The lack 
of oxygen in the ash cloud was so 
complete that some bodies were 
desiccated to an almost mummy- 





Figure 3. A chipmunk finds shelter and 
food near Ryan Lake. 


like state instead of being 
burned. Incredibly, some people 
in the area covered by the ash 
cloud managed to survive, al- 
though usually with severe 
internal injuries from inhaling hot 
ash. A fortunate few on the 
fringes of the cloud were able to 
drive to safety, although some 
victims were found in their cars 
and trucks. 

When the avalanche reached 
Spirit Lake, the lava fragments 
caused flash heating of the water, 
producing steam explosions 
heard as far away as Vancouver, 
BC, in Canada. The avalanche con- 
tinued onward until it was finally 
stopped by a ridge six miles 
north of the mountain. Part of the 
avalanche reached the head wa- 
ters of the North Fork Touttle 
River, filling its valley with debris 
up to a mile wide and over 500 
feet deep. 

After the initial ash cloud was 
erupted, a second jet of ash rose 
vertically from the crater, forming 
an enormous mushroom cloud 
that eventually extended to an 
altitude of 12 miles. For over ten 
hours, millions of tons of ash were 
borne skyward. Prevailing winds 
carried the clouds eastward. By 
early afternoon, Yakima, Wash- 
ington (ninety miles away) was 
covered by four inches of ash. The 
next day, traces of the ash fell as 
far away as Minnesota and Okla- 
homa. 

Following the initial eruption, 
Mt. St. Helens released a series of 
pyroclastic surges down its 
slopes. A pyroclastic surge is a 
combination of hot gas and lava 
fragments that moves along the 
ground like a liquid at speeds 
over 100 miles per hour. As the 
surges hit Spirit Lake, additional 
steam explosions sent up mile- 
high columns of steam and ash. 

While the area north of Mt. St. 
Helens bore the brunt of the erup- 
tion’s fury, regions to the west and 
southeast were hammered by 
mud flows, known as /ahars, trig- 
gered by the melting of the 
mountain's snowcap and glaciers. 
Witnesses described the lahars 
as resembling rapidly-moving wet 
concrete. They emptied into the 
North and South Forks of the 
Toutle River and the Cowlitz River, 
where deposited sediment re- 
duced its depth by 25 feet fora 
distance of four miles, tem- 


Test Report 


By Forrest M. Mims, Ill 


UV-100 Watch 


Summary 





The Casio UV-100 is a digital 
watch that measures the intensity 
of ultraviolet rays from the sun. 
Tests confirm that the UV-100 
detects the wavelengths of 
ultraviolet rays that cause 
tanning, but not necessarily those 
rays that cause burning. 


cured by four tiny screws. 
Perched atop the highly mini- 
aturized module inside the watch 
is a square, thin filter that mea- 
sures 3.5 millimeters on a side. 
The filter does not possess the 
shiny dielectric coating charac- 
teristic of interference filters. It is 
apparently a standard UV black 
glass absorption filter, albeit a 
very thin one. 


Testing the UV-100 


The broadband ultraviolet-ray 
response of the UV-100 was tested 
at one hour past local noon ona 
partly cloudy, hazy spring day 
when the sun was approximately 
66 degrees above the horizon. 
The optical thickness of the atmo- 
sphere, the so-called air mass, 
was 1.09. (When the sun is directly 
overhead, the air mass is 1.0.) The 
total ozone in a column through 
the Earth’s atmosphere was 347 
Dobson units. This | measured by 
pointing my homemade TOPS 
(Total Ozone Portable Spec- 
troradiometer) system at the sun. 

The tests were conducted by 
recording the response of the 
watch when it was exposed to 
sunlight through two glass ultra- 
violet-ray cutoff filters (WG305 
and WG34S5). These filters almost 
completely block short wave- 
length light while transmitting 
long wavelength light. They have 
90 percent transmission points at 
305 and 345 nanometers, respec- 
tively. 

Prior to the tests, the two filters 
and the face of the watch were 
carefully cleaned. Each surface 





Circle 3 in Literature Listing (p. 112) 


was swabbed with methyl alcohol 
and dried with tissue. Residual 
dust and lint from the tissue was 
blown away with dry air. When the 
watch was opened for inspection, 
its filter appeared to be slightly 
streaked and lightly coated with 
dust. This filter was cleaned in the 
same manner as the others. 

| made three measurements 
during each of nine tests. For 
each test the watch was pointed 
toward the sun and its UV re- 
sponse recorded. The response 
was then recorded when a WG305 
filter and a WG345 filter were 
placed in quick succession over 
the watch’s detector. 

The mean of the measurements 
with the 345-nm filter was then 
normalized with respect to the 
mean of the measurements with 
the 305-nm filter. As shown in 
Table 1, this revealed that 29.5% 
of the response of the watch is to 
radiation that falls within the ul- 
traviolet window between the 305 
and 345 nanometer filters. There- 
fore, 70.5% of the watch’s 
response is to wavelengths above 
345 nanometers. 

From these results one can 
make an educated guess that the 
filter in the UV-100 is probably 
similar to UG11, a broadband ul- 
traviolet-ray filter which 
transmits from about 270 to 375 
nanometers at the 50% transmis- 
sion points. UG11 has additional 


transmission in the red beyond 
around 650 nanometers. The am- 
plitude of this second-order 
transmission reaches only around 
30% of the filter’s peak ultra- 
violet-ray transmission. 
Nevertheless, it can cause signifi- 
cant UV measurement errors 
since it is much closer to the peak 
spectral response of silicon pho- 
todiodes, the kind of detector 
most likely contained within the 
UV-100 watch. The UV-100, however, 
shows no response to more than 
a milliwatt of bright red (660 
nanometer) light from a high- 
brightness light-emitting diode. 


Conclusion 


So what does all this mean? The 
Casio UV-100 watch may indeed 
provide a reasonable guide to 
tanning. Sun bathers, however, 
should familiarize themselves 
with the various disclaimers 
printed in Casio’s user’s guide. As 
noted on the cover of the user’s 
guide, the instrument is “not for 
medical use.” 

Keep in mind that the watch is 
not suited for all situations. For 
example, it accumulated UV just 
fine on the first half of an hour 
long bicycle ride | recently made. 
On the return trip, however, the 
wrist with the watch faced away 
from the sun and registered 
nothing. 

| have not yet determined if the 
UV-100 detects changes in UV-B 
caused by daily and even hourly 
fluctuations in the density of the 
remarkable shield known as the 
ozone layer. Any such indications 
will probably be very slight due to 
the limited resolution of the ana- 
log display and the poor 
response of the filter-detector 
combination. 

In the northern hemisphere, 
ozone levels alternate between 
high levels in spring and low lev- 
els in winter. The 347 Dobson units 
measured during the time the 
UV-100 was tested was rather 
high, even for spring. Therefore, | 
shall continue to test the unit, 
especially on days when the 


- ozone is low, to determine if it 


tracks fluctuations in the density 
of the ozone layer. And I'll re- 
member to switch the watch to 
the sunniest wrist on my next bike 
ride. * 
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Fast Growing Field Of High-Tech Electronics! 
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Macrophotograph of a rain drop on a grass blade. (Pentax ME, Kodachrome 25.) 


Practical Training... 
At Your Own Pace. 

Through CIE, you can train for your 
new career while you keep your pres- 
ent job. Each course allows a gener- 
ous completion time, and there are 
no limitations on how fast you can 
study. Should you already have some 
electronics experience, CIE offers 
several courses which start at the 
intermediate level. 

“State-Of-The-Art” 
Facilities & Equipment. 

In 1969, CIE pioneered the first elec- 
tronics laboratory course, and in 1984, 
the first Microprocessor Laboratory. 
Today, no other home study school can 
match CIE’s state-of-the-art equipment. 
And all your laboratory equipment is 
included in your tuition cost. There is 
no extra charge—it’s yours to use while 
you study at home and on the job after 
you complete your course! 


Earn Your Degree To 
Become A Professional 
in Electronics! 
Every CIE course you take earns you 


fi you're anxious to get ahead ...and 
build a real career...you owe it to 
yourself to find out about the Cleveland 
Institute of Electronics! 

CIE can help. you discover your 
career potential in the fast growing 
field of high-tech electronics. A career 
that will challenge and excite you 
every day...reward you with a powerful 
feeling of personal accomplishment... 
and deliver a level of financial security 

you may have only dreamed of before! 
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send for a CIE catalog TODAY! 
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Trained Professionals! 
The career opportunities shown here 
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PROBE! REPORT From The THIRD PLANET 


Phe Amateur Scientists Journal 


By Harry L. Helms 


i olerioeeNs JUST TEN YEARS CATER 


he first European to see Mt. 

St. Helens was the British ex- 

plorer George Vancouver in 

1792. He named the mountain 
after his friend and patron Lord 
St. Helens. The Klickitats, the dom- 
inant tribe of native Americans in 
the area, had their own name for 
it—Tahonelatchah, meaning “fire 
mountain.” History would prove 
the Klickitats right. 

Just over ten years ago Mt. St. 
Helens unleashed the mightiest 
volcanic eruption in the recorded 
history of the continental United 
States. On March 27, 1980, the 
mountain “awoke” after over 120 
years of inactivity with a mild—by 
volcanic standards—discharge of 
steam and “ash’ (lava pulverized 
into grains as fine as sand). Erup- 
tions and earthquakes continued 
for several weeks afterward and 
then became more frequent. The 
north side of the summit began 
to bulge outward, eventually ex- 
tending several hundred feet 
from the rest of the mountain by 
mid-May. Its glaciers and snow 
cap were blackened by ash de- 
posits. 

Once acclaimed as the most 
beautiful of the Cascade peaks, 
Mt. St. Helens now appeared 
threatening and sinister. 
Geologists felt that the earth- 
quakes were caused by magma 
rising under the mountain, and 
that a major eruption was likely. A 
radius of 15 miles from the moun- 
tain was declared a danger area. 
Despite this, some people stub- 
bornly refused to believe that Mt. 
St. Helens posed any risk. One 
individual named Harry Truman 
seemed to relish the fame he got 
by refusing to leave his home on 
Spirit Lake at the base of the 
mountain’s north side. To many 
people, Truman became some 
sort of folk hero, a symbol of 
individual choice and opposition 
to government bureaucracy. 

On the morning of May 18, 1980, 
Truman was still home at Spirit 
Lake. Some campers, hunters, log- 
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ging crews, and mineral 
prospectors were also in the area 
surrounding Mt. St. Helens. One of 
the few people with legitimate 
business there was David 
Johnston, an outstanding young 
geologist with the U.S. Geological 
Survey. He was observing the vol- 
cano and was linked by radio to 
the U.S. Geological Survey office 
in Vancouver, Washington. At 8:32 
A.M., Johnston's excited voice was 
heard over the radio: “Vancouver, 
this is it!” 

At that moment, Johnston, 
Truman, and 57 other people were 
seconds away from death. 


Anatomy of an Eruption 


For too many people, their con- 
cept of a volcanic eruption comes 
from Hollywood: a cone-shaped 
mountain, capped with a burning 
flame, that belches forth smoke 
and rivers of molten lava which 
destroy remote tropical islands 
or ancient Roman cities. Real-life 
volcanoes are considerably more 
complex and varied. 

A volcano is an opening in the 
Earth's crust through which hot 
rock and gases can flow. Molten 


Summary 


A tour through the Mt. St. Helens 
devastated site reveals the effect of 
a destructive force equivalent to 
27,000 Hiroshima-size atomic 
bombs pulverizing a 9677-foot 
mountain, and how Mother Earth 
begins the healing process. 


rock underground is called 
magma; when it surfaces at a 
volcano’s crater, it’s called lava. 
Magma differs in chemical com- 
position, temperature, and the 
types of gases it contains. Mag- 
ma can exit a volcano as streams 
of molten lava, rock chunks known 
as tephra, or as fine ‘ash’ parti- 
cles. Real volcanoes don’t emit 
smoke or fire; dark ash clouds 
resemble smoke and static elec- 
tricity discharges flicker like 
flames. Lightning bolts are pro- 
duced by the ash clouds of some 
eruptions. 

The least dangerous volcanoes 
erupt highly-fluid lava under low 
pressure, such as Hawaii's Mauna 
Loa and Kilauea. While such lava 


Figure 1. Life returns to a place of death, Ryan Lake. Note the “splash pattern” made 
by the ash cloud on the ridge in the background. 


Some Texas snakes are big; this one is 
not. (Pentax ME, Kodachrome 25.) 


Night launch of an instrumented model rocket from 
a Saigon rooftop in 1967. (Pentax, Ektachrome.) 


Rapidly spinning, samarium-cobalt magnet 
suspended above a ceramic superconductor in a 
bath of liquid nitrogen. (Pentax ME Super, 
Kodachrome 25.) 


Unusually large spider encapsulated along with an ant 
in amber from the Dominican Republic. 
(Pentax ME Super, Kodachrome 25.) 


False color spectra of various light sources recorded on color 
infrared film by camera with diffraction grating placed over lens. 
From lower left, the sources are an incandescent lamp, green 
He) atexclantitalave rel CorolcM (=D) ancl] (oy\tal lea Dan carol led Dr atct-len IbixelK cre 
((oYoLoMaretaveyanteitcip Mel al DY alcr-leviolinelxctol [else] mel (ofe(om (210m ataad ire laCe| 
near infrared LED (935 nm). (Pentax, Infrared Ektachrome.) 
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COMMUNICATIONS CORNER 


By David A. Wolf 


How to Listen to Satellites 





pringfield, Illinois in 1957. 
There was no way to know 
how significant the event 
was, yet | knew that it was 
historic. My father and | looked up 
into a clear, dark sky and watched 
a star move rapidly from west to 
east. For a young boy that fast 
moving star was more thana 
novelty. It was Sputnik, the first 
satellite successfully placed into 
orbit around the Earth. | was too 
young to read, but | watched 
television and understood that 
this was the beginning of so many 
more exciting things to come. 

Sputnik was launched by the 
Soviet Union during the height of 
the Cold War. If you were not yet 
born or weren't aware of current 
events at the time, nothing gal- 
vanized a country more when 
hula-hoops, rock-and-roll and big 
tail fins on cars seemed to be 
more important than progressive 
science. 

Sputnik carried a simple radio 
beacon, but free-world leaders 
realized that the beacon might 
someday be replaced by a nu- 
clear weapon, making it the 
ultimate tool of war. Others real- 
ized that an orbiting satellite 
could carry radio relay equipment 
or even a passenger. Now, over 
thirty years later, satellites are 
routinely launched, sometimes at 
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the rate of almost one per day. 
While some have become tools of 
war, many more are the tools of 
science, commerce, entertain- 
ment and even personal curiosity. 

It’s not difficult to see a satellite 
with the unaided eye, if you know 
where and when to look. In some 
cases you Can use an inexpensive 
police scanner radio to receive 
the signals transmitted by a sat- 
ellite. While you can attempt to 
watch satellites and listen to their 
signals by randomly scanning the 
skies after dusk and before dawn, 
a much more efficient approach 
is to make what's called an orbital 
prediction. 


Predicting Satellite Orbits 


Making an orbital prediction is 
easy if you have access toa 
personal computer equipped with 
a modem and if you know your 
latitude and longitude. First, you 
download the satellite orbital 
data into the memory of the com- 
puter. Then you use what's called 
a fly-by prediction program to 
process the orbital data. Finally, 
at the appointed time you scan 
the sky visually or wait patiently 
by your receiver to either see the 
moving speck of light or to hear 
the cheery beeps and squawks of 
the passing visitor for five- to 
fifteen-minutes. 

In this column, I'll show 
you the steps necessary to 
predict when a low-earth- 
orbiting satellite will be 
within visual and radio 
range, how to choose a 
scanner, and, in the next 
issue, how to construct a 
simple antenna capable of 
receiving a variety of satel- 
lites, including one that is 
planned to broadcast 
greetings from school chil- 
dren around the world. 


The Uniden/Bearcat BC800XLT 
is an air/police/800-MHz receiver 
with microprocessor scanning 
system. 





Summary 





With an inexpensive or even free 
computer program to tell you 
when to listen, anyone equipped 
with an inexpensive scanning 
receiver can hear radio 
transmissions from many 
different Earth orbiting satellites. 
The same kind of program may 
help you find some satellites 
visually as they pass overhead. 





Orbital Prediction Software 


NORAD, the North American Air 
Defense Command, keeps track of 
everything circling the Earth, from 
the most sophisticated communi- 
cations satellite to the debris left 
over from earlier space ventures. 
This permits the Air Force to dis- 
tinguish between what is 
“friendly” and what may be poten- 
tially threatening. Moreover, 
knowing the precise location of 
orbiting objects as well as their 
velocity, direction, altitude and 
orbital characteristics are all 
mighty important when launching 
a new satellite. Several. groups of 
amateur scientists have modified 
orbital prediction programs 
which use NORAD data so they will 
run on IBM-compatible personal 
computers. 

One of my favorite orbital pre- 
diction programs is Mr. Orbit, a 
piece of shareware by Stephen 
Wood of Orlando, Florida. Mr. Or- 
bit is especially suited for visual 
observing, because it can be con- 
figured to indicate only those 





PROBE! WE GET LETTERS 
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ven before we published our 
Premier Edition on Science 
PROBE! the mailman began 
delivering envelopes from 
many of our soon-to-be readers. 
The Editors look ahead to receiv- 
ing your mail about any phase of 
interest that can enter the mind 
of an Amateur Scientist, and, of 
course, the work that he con- 
templates and achieves. However, 
you must understand that it 
would be physically impossible to 
answer every piece of mail in this 
column. 

We will select those letters for 
publication which we believe to 
be the most interesting and all 
encompassing of the thoughts in 
our reader's mail. That is a diffi- 
cult task to perform! 

From time to time we will edit a 
letter only to the extent that good 
spelling and grammatical prac- 
tice will demand. Also, we will 
print portions of letters when the 
writer chose to cover many topics 
and we have space for only one 
topic. Nevertheless, we will keep 
the writer's original thoughts, 
meanings and intentions as if we 
were editing a valuable man- 
uscript. 


Advertising Works! 


Although | was aware that 
Gernsback Publications had re- 
published Popular Electronics 
magazine for a while now, | never 
saw a copy on my favorite news- 
stands until the July 1990 issue. 

Yet, what interested me even ~ 
more than the editorial content of 
the magazine was an advertise- 
ment in it that announced the 
coming publication of a quarterly 
magazine, Science PROBE!, de- 
voted to the Amateur Scientist. | 
am happy to see that occur and | 
commend Science Probe Inc. on 
that move. Our present-day so- 
ciety has drifted away from many 
long-standing mores and thus the 
magazine stands are full of trash 
publications. Most of our youth 
have also been drifting away 
from knowledgeable subjects, but 
there are still many youngsters 


Even Before We Publish! 


left out there who will appreciate 
a magazine such as the proposed 
Science PROBE!. 

—Gregory Hodowanec 

Newark, New Jersey 


An Author Speaks Up 


Words can barely describe how 
delighted | am that someone has 
decided to start a publication, 
Science PROBE!, devoted ex- 
clusively to amateur science. Let 
me say that | am a compulsive 
amateur scientist myself, who 
contributed on various occasions 
to the old ‘Amateur Scientist’ col- 
umn that C. L. “Red” Stong used to 
edit in the Scientific American. It 
never was so good after Stong 
died about 1975. Nor is there any 
other forum in North America for 
the broad area of amateur sci- 
ence. There is Sky and Telescope 
magazine for amateur astrono- 
mers and a number of magazines 
for amateur electronics hackers 
such as Radio-Electronics, but 
nothing to cover the whole area. 
This is a conspicuous gap that 
needs to be filled. Folks like me 
simply have no place to publish. | 
have toyed with the thought of 
starting up something like that on 
my own, but | probably don’t have 
the proper degree of focus to 
make it work. 

Editors of most science journals 
require lots of data acquired with 
expensive precision instruments 
and a dime’s worth of insight, 
poorly written up, and painful to 
read. This is all generally the end 
consequence of some kind of 
publish or perish mandate that 
has inflated the volume of scien- 
tific publication until you have to 
look hard for quality. | suggest 
you try never to publish anything 
that is less than excellent or the 
product of the publish or perish 
syndrome. Amateur science 
should be better than what fills 
most of the journals and it can be 
if you start out right, attract the 
right following, and set a high 
standard. 

—Roger Baker Jr. 
Austin, Texas 





Which symbol 
represents a 
variable inductor? 
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What is i tera disadvantage 
of neon lights? 


What are out-of-phase signals? 


Heath Video Courses 
speed your learning curve! 


Learn basic electronics at home at your own 
pace with four, 60-minute video tapes. Know 
the variable inductor symbol. Recognize a PN 
junction. Understand oscillator fundamentals. 
Clearly SEE what most basic electronic books 
can only describe. 


DC ELECTRONICS. Covers electron 
movement to troubleshooting and repairing a 
simple electronic circuit. EV-3101-A. 


AC ELECTRONICS. Follow-up to DC 
Electronics. Covers the principles of AC, 
voltage and electrical measurement. Includes 
motors, generators and test instrument meter 
movements. EV-3102-A. 


SEMICONDUCTORS. Complete the DC/AC 
videos and you're ready to learn how semi- 
conductor devices are made, plus the 
principles of discrete devices, integrated 
circuits & optoelectronic devices. EV-3103-A. 


ELECTRONIC CIRCUITS. Complete the basic 
course with amplifier configurations, biasing, 
coupling, audio amplifiers, closed-loop vs. 
open-loop operation and more. EV-3104-A. 

An activity-filled workbook and explanation 
of how to solve each problem comes with 
each tape so you learn three ways — video, 
workbook and hands-on! 





Order today! q! 
Call Toll free, VIDEO TAPES "7. 
24-hours a day. S 95 . 
1-800-258-0570. 2 EACH \, 
We accept VISA, ™ fe 


MasterCard, American "| Ag 
Express and Heath Revolving” 
Charge card. Use Order Code 601-030 


Heath 


Benton Harbor, MI 






Call for a FREE catalog 1-800-44HEATH. 


©1990, Heath Company 
Subsidiary of Bull Data Systems, Inc. 


*Price does not include 
shipping and handling, 
or applicable sales tax. 
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PROBE: 


The Amateur Scientist's Journal 


Editorial 





Welcome to Science PROBE! 





mateur scientists made 
many of the great scientific 
discoveries of the past. In 
this era of billion dollar sci- 
ence projects and sprawling 
scientific laboratories, it some- 
times seems hard to believe that 
there is still a role to be played by 
the amateur scientist. Yet, as the 
pages that follow will quickly re- 
veal, amateur science has more 
potential than ever before. 

Around the time of the winter 
solstice when migrating birds 
who know better will have long 
since headed south, tens of thou- 
sands of observers will turn out 
for the Audubon Society's annual 
Christmas bird count. The millions 
of observations made by these 
amateur scientists over the past 
90 years have provided the back- 
ground for some 200 scientific 
articles and papers. 

The next time it rains or snows, 
think about the nearly 11,000 ama- 
teur weather observers who 
participate in the National 
Oceanic and Atmospheric Admin- 
istration’s (NOAA) Cooperative 
Observer Program. These dedi- 
cated amateur scientists record 
daily temperatures, rainfall, snow 
depth, river levels and other cli- 
matological information. Many 
thousands of additional weather 
observers provide information to 
local and state governments, 
newspapers and radio and televi- 
sion stations. 

When next you gaze at the stars 
on a clear, dark night, recall that 
the innumerable discoveries of 
amateur astronomers have be- 
come almost legendary. Amateurs 
find new comets, supernovas and 
novas. They count sunspots and 
listen to the radio signals from 
the sun, Jupiter and various stars. 
Amateurs specialize in measuring 
the precise time that a planet or 
moon blocks the light from a 
more distant star. Many stars 
shine with a fluctuating light and 
some amateur astronomers spe- 
cialize in monitoring these 
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variable stars. Some have even 
built computerized telescopes 
that automatically move from 
star to star during the night, mak- 
ing and recording observations 
while the sleeping amateur 
dreams about the discoveries to 
be made when the data is re- 
viewed the next day. 

Perhaps you are more inter- 
ested in learning about science 
than actually conducting scien- 
tific studies, observations or 
measurements. Science PROBE! 
will bring you a side of science 
you will not find anywhere else 
and broaden the base of your 
knowledge about science and 
technology. 

Maybe you have always wanted 
to learn how to Survey a cave, 
measure radioactivity, become an 
amateur astronomer or use your 


computer to do more than play 
games. Science PROBE! will show 
you how to use relatively inexpen- 
sive computers and scientific 
instruments never even dreamed 
of by professional scientists a 
generation ago. We will even show 
you how to build and use your 
own scientific instruments. 

Possibly you are an active ama- 
teur scientist who monitors the 
weather, surveys birds, observes 
variable stars, develops hybrid 
plants, measures water quality or 
records the ultraviolet from the 
sun. Science PROBE! will keep you 
informed about the work of 
others in your field. If we do not, 
then we invite you to fill the gap 
by sharing some of your observa- 
tional techniques and findings 
with your fellow amateurs 
through the pages of Science 
PROBE!. 

If you are a parent, teacher or 
student, Science PROBE! is com- 
mitted to expanding the interest 
in science and improving the 
quality of science education. We 
will publish Science Fair project 
reports and articles about how to 
prepare quality science projects. 
Our regular Science Fair colum- 
nist was twice a participant in the 
International Science Fair when 
he was a high school student. We 
even have a column devoted es- 
pecially to younger amateur 
scientists. 

Whoever you are, it is our hope 
that Science PROBE! will enhance 
your appreciation for amateur 
science and the past, ongoing 
and future contributions of its 
participants. Join us as we exam- 
ine, explore, photograph, 
discover, measure, analyze and 
marvel at the world of science. * 
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satellites you are likely to be able 
to see. It has two features that 
make it fantastic for our purpose. 
First, it will tell you where a par- 
ticular satellite will be at the time 
and date you specify. Second, it 
can give you a highly- detailed 
printout (with data in ten-second 
increments) of a selected pass. 
Armed with one of these 
printouts, you will be able to lo- 
cate a satellite precisely, every 
time. Mr. Orbit can be down- 
loaded into your computer from 
any of several popular computer 
bulletin boards. Or you can con- 
tact Stephen Wood for details on 
how to get a copy. Refer to the 
Contact List provided in this col- 
umn. 

A program that is perfectly suit- 
ed for radio observing is PRESAT, 
the latest version of a program 
that used to be known simply as 
Orbit. PRESAT is not as user- 
friendly as Mr. Orbit, but it will list 
every pass, even one that has the 
selected satellite rising barely 
over the horizon for only a mo- 
ment. This last point is important. 
Many times | have been surprised 
by the strength of signals re- 
ceived during a pass that would 
seem to have provided marginal 
reception, at best. 

Finally, AMSAT, an organization 
dedicated to amateur radio satel- 
lites, sells several orbital 
prediction programs that display 
a map on which is superimposed 
the location and radio footprint 
(transmission range outlined on 
the Earth’s surface) of a par- 
ticular satellite. 

One of the AMSAT programs 
with which | am familiar is In- 
stantTrack by Franklin Antonio of 
Del Mar, California. InstantTrack 
has several outstanding features 
for the serious satellite enthusi- 
ast. It can control.a complex 
antenna pointing system and 
even dial the National Institute of 
Standards and Technology's (for- 
merly National Bureau of 
Standards) digital time service 
and automatically set the clock of 


A basic scanner that 
covers the satellite 
frequencies is the 
Realistic PRO-2006 
programmable 
Scanner. A memory 
feature stores the 
satellite channels you 
will tune to most 
frequently. Available at 
Radio Shack stores 
around the world. 


your personal computer! 

Before using an orbital predic- 
tion program, you must first 
discover your latitude and long- 
itude. This may be found from any 
one of a number of sources. The 
administrator of the airport clos- 
est to your location can tell you 
the airport’s geographical coordi- 
nates. Your library will probably 
have a reference book or an atlas 
with the coordinates for your city. 
A business that sells TV satellite 
dishes may also have this infor- 
mation. For the best accuracy, 
consult a contour map for your 
area produced by the U.S. govern- 
ment. | have purchased these 
maps for $4.00 plus tax froma 
local map shop. Maps can also be 
ordered directly from the U.S. 
Geological Survey National Map- 
ping Program. Write to them for 
details (USGS Map Sales, Box 
25286, Denver, Colorado 80225). 


Listening to a Satellite 


What is necessary to hear a 
satellite? First, you need a scan- 
ning radio capable of receiving 
signals in the 108-135 MHz aircraft 
band and the 144-148 MHz (two 
meter) Amateur Radio band. Such 
scanners may be purchased new 
from places like Radio Shack, Am- 
ateur Radio retailers, CB radio 
shops, discount retailers, and by 





mail-order outlets. Magazines 
that carry advertisements for 
mail-order dealers include 
Popular Communications, Radio- 
Electronics, and Popular Elec- 
tronics. 

In order to hear satellites reli- 
ably, a compatible antenna must 
be installed. An antenna for satel- 
lite reception does not need to be 
mounted high, but it will perform 
best if installed in an open space. 
This can be on the roof or outside 
a window or door. It can even be 
installed in an attic. On strong 
passes, as when the satellite is 
overhead or nearly so, you can 
receive the signal with an indoor 
whip antenna (though with ex- 
tremely variable results) if the 
other antenna installation options 
are not practical for you. Attic or 
indoor antennas will work only in 
homes or buildings using wood- 
frame construction. 

An antenna may be easily con- 
structed from copper wire and 
plastic sprinkler pipe. The anten- 
na I'll describe in the next issue of 
Science PROBE! is called a 
turnstile antenna because of its 
shape. 

Once you have assembled your 
satellite monitoring station, you 
must know when the satellites are 
going to be overhead and on 
what frequency to set your scan- 
ner so you can hear them. The 
when part is calculated with a 
satellite orbital prediction pro- 
gram such as one of those | 
discussed earlier and a personal 
computer. In order for the pro- 
gram to make accurate 
prediction calculations, it should 
be loaded with fairly recent or- 
bital data. Some satellites are 
relatively stable and have orbits 
that change very little over time. 
Others are highly variable, either 
because they are being fre- 
quently maneuvered by ground 
control or their orbit takes them 
down to an altitude that is af- 
fected by the outer reaches of the 
atmosphere. 

Orbital data for the space shut- 
tle will probably be pretty useless 
after a day or so, while data for a 
weather satellite may be usable 
for several months! If your com- 
puter is equipped with a modem, 
a very convenient source of or- 
bital data is available by 
telephone from the Celestial RCP/ 
M Bulletin Board. The phone 
number is (513) 427-0674. Orbital 
elements are updated daily. There 
is no charge for this service, but 
you do have to register. 
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COMMUNICATIONS CORNER 


After registering and capturing 
the *Heip’ file to disk (you can 
read this later), at the prompt 
select option *PG.” That option will 
turn off the paging mode. When 
the paging mode is on you'll get a 
“(MORE)’ prompt at the end of 
each page. This will make the 
data unusable with orbital pre- 
diction software, and you will 
have to hit the “ENTER” key every 
time the ‘(MORE)’ prompt is sent 
to your computer. Turn on the 
capture buffer again and at the 
prompt, enter “B.” This input will 
cause the orbital elements to be 
downloaded to your computer. 
When the elements have been 
transferred to your PC, close your 
capture buffer and log off the 
Celestial BBS with a “BYE” com- 
mand. 

With a text editor, delete the 
extraneous stuff (prompts, sign 
on and sign off messages, etc.) . 
and delete the satellites you have 
no interest in tracking. If you 
aren't sure which ones are 
keepers and which ones are not, 
it won't hurt to have all of the 
data available for the prediction 
software, unless there is a limit to 
the number of satellites the pro- 
gram can process at one time. 
There will be data for over 100 
satellites! Check the software 
documentation for its limits. Now 
make a prediction run for the 
satellites you are interested in 
hearing. See Table 1—Satellite Fre- 
quencies—for the frequencies to 
program into your scanner. 

It will probably be most conve- 
nient to program the scanner 
with several of the weather satel- 
lite frequencies. Since an 
overhead pass is usually about 
ten minutes, you will want to 
spend your time listening for the 
satellite and not programming 
your scanner! Most frequencies 
are used-by more than one bird, 
so the actual number of frequen- 
cies that you will have to program 
into your scanner won't be that 
many. 

How will you know you when you 
are receiving a satellite signal? 
Luckily, the satellites have ex- 
clusive use of the frequencies on 
which they transmit. This means 
that any signal you hear is likely 
to be a satellite, unless you hap- 
pen to live in an area where your 
scanner might receive inter- 
ference from other 
communications equipment on 
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frequencies adjacent to those 
used by satellites. Weather satel- 
lites produce a pattern of sounds 
that repeats a couple of times 
per second. You will hear a reg- 
ularly-spaced synchronization 
tone blip with a constantly vary- 
ing frequency tone in between the 
biips. This signal is likely to be 
weak at first, then quickly gain in 
strength as the satellite cuts a 
higher arc in the sky. The signal 
strength will vary as the satellite 
moves overhead, occasionally 
dipping into the noise and other 
times becoming quite strong. This 
is due to the constantly changing 
relationship of your antenna with 
respect to the antenna on the 
satellite. 


Going Further 


If your receiving setup is 
equipped with a signal amplifier 
and an outdoor antenna, it will 
probably be sensitive enough for 
you to hear voice signals from 
two Amateur Radio satellites. You 
can gain the skills necessary to 
receive voice messages from 





these satellites if you first prac- 
tice receiving signals from low- 
Earth-orbiting (LEO) weather sat- 
ellites. 

A group of Hams at the Univer- 
sity of Surrey in Great Britain was 
chiefly responsible for the design 
and construction of a satellite 
called UoSAT-OSCAR-11. This stands 
for University of Surrey Satellite 
(Orbiting Satellite Carrying Ama- 
teur Radio number 11). There is a 
voice synthesizer on board that is 
used on some days to transmit 
systems telemetry in plain En- 
glish. Other times, expect to hear 
digital data transmitted on the 
same frequency. The other satel- 
lite is called Digital Orbiting Voice 
Encoder (DOVE)-OSCAR 17 (or DO-17 
for short). 

Like UOSAT-OSCAR-11, DOVE is ex- 
pected to alternate digital 
telemetry with voice on the same 
frequency. (Both satellites use the 
same frequency, incidentally.) in- 
stead of systems telemetry, 
however, DOVE will transmit voice 
messages. DOVE is guaranteed to 
fire the imagination of school- 
children, as they may be able to 
hear their own recorded message 
of peace and goodwill being 
broadcast to others around the 
world. These messages are to be 
digitally-encoded and transmit- 
ted up to the satellite by selected 
Amateur Radio stations. 

DOVE is sponsored by BRAMSAT 
(AMSAT-Brazil), and uses a trans- 
mitter that is more powerful (four 
watts) than most of the other 
Amateur Radio satellites. If every- 
thing functions properly, this may 
be one of the easiest satellite 
signais to date that you will be 
able to receive with relatively sim- 
ple equipment. 

| hope this column has encour- 
aged you to look to the heavens 
and realize that satellite recep- 
tion is possible using low-cost 
equipment, some of which you 
may already have. Over 30 years 
after seeing that first Sputnik, | 
have communicated over an Ama- 
teur Radio satellite (it, 
coincidentally, was also Soviet) 
using my rather modest Ham ra- 
dio station. And | can routinely 
tune in several weather satellites 
on a scanner using orbital predic- 
tions calculated by my computer. 
Certainly this was the stuff of 
fantastic science fiction in 1957; 
look how far we have come in 
such a short period of time. * 


able, rewarding field of work in 
countersurveillance, you must 
view this video presentation 
again and again. 


ORDER LINE—1-800-522-6260 


Wake up! You may be the victim of 
stolen words—precious ideas that would 
have made you very wealthy! Yes, profes- 
sionals, even rank amateurs, may be lis- 
tening to your most private con- 
versations. 

Wake up! If you are not the victim, 
then you are surrounded by countless vic- 
tims who need your help if you know how 
to discover telephone taps, locate bugs, or 
“sweep” a room clean. 

There is a thriving professional service 
steeped in high-tech techniques that you 
can become a part of! But first, you must 
know and understand Countersurveilance 
Technology. Your very first insight into 
this highly rewarding field is made possi- 
ble by a video VHS presentation that you 
cannot view on broadcast television, sat- 
ellite, or cable. It presents an informative 
program prepared by professionals in the 
field who know their industry, its tech- 
niques, kinks and loopholes. Men who 
can tell you more in 45 minutes in a 
straightforward, exclusive talk than was 
ever attempted before. 


Foiling Information Thieves 

Discover the targets professional 
snoopers seek out! The prey are stock 
brokers, arbitrage firms, manufacturers, 
high-tech companies, any competitive 
industry, or even small businnesses in the 
same community. The valuable informa- 
tion they filch may be marketing strat- 
egies, customer lists, product formulas, 
manufacturing techniques, even adver- 
tising plans. Information thieves eaves- 
drop on court decisions, bidding 
information, financial data. The list is 
unlimited in the mind of man—es- 
pecially if he is a thief! 

You know that the Russians secretly 
installed countless microphones in the 
concrete work of the American Embassy 
building in Moscow. They converted 
what was to be an embassy and private 
residence into the most sophisticated re- 
cording studio the world had ever 
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we 
known. The building had to be torn 


down in order to remove all the bugs. 


Stolen Information 

The open taps from where the informa- 
tion pours out may be from FAX’, com- 
puter communications, telephone calls, 
and everyday business meetings and 
lunchtime encounters. Businessmen need 
counselling on how to eliminate this in- 
formation drain. Basic telephone use cou- 
pled with the users understanding that 
someone may be listening or recording 
vital data and information greatly reduces 
the opportunity for others to purloin 
meaningful information. 

The professional discussions seen on 
the TV screen in your home reveals how 
to detect and disable wiretaps, midget 
radio-frequency transmitters, and other 
bugs, plus when to use disinformation to 
confuse the unwanted listener, and the 
technique of voice scrambling telephone 
communications. In fact, do you know 
how to look for a bug, where to look for a 
bug, and what to do when you find it? 

Bugs of a very small size are easy to 
build and they can be placed quickly ina 
matter of seconds, in any object or room. 
Today you may have used a telephone 
handset that was bugged. It probably 
contained three bugs. One was a phony 
bug to fool you into believing you found a 
bug and secured the telephone. The sec- 
ond bug placates the investigator when 
he finds the real thing! And the third bug 
is found only by the professional, who 
continued to search just in case there were 
more bugs. 

The professional is not without his 
tools. Special equipment has been de- 
signed so that the professional can sweep 
a room so that he can detect voice-acti- 
vated (VOX) and remote-activated bugs. 
Some of this equipment can be operated 
by novices, others require a trained coun- 
tersurveillance professional. 
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€Countersurveillance 


Never before has so much professional infor- 
mation on the art of detecting and eliminat- 
ing electronic snooping devices—and how 
to defend against experienced informa- 
tion thieves—been placed in one VHS 
video. If you are a Fortune 500 CEO, an 
executive in any hi-tech industry, or a 
novice seeking entry into an honor- 


The professionals viewed on your tele- 
vision screen reveal information on the 
latest technological advances like laser- 
beam snoopers that are installed hun- 
dreds of feet away from the room they 
snoop on. The professionals disclose that 
computers yield information too easily. 
This advertisement was not written by 
a countersurveillance professional, but by 
a beginner whose only experience came 
from viewing the video tape in the pri- 
vacy of his home. After you review the 
video carefully and understand its con- 
tents, you have taken the first important 
step in either acquiring professional help 
with your surveillance problems, or you 
may very well consider a career as a coun- 
tersurveillance professional. 


The Dollars You Save 

To obtain the information contained in 
the video VHS cassette, you would attend 
a professional seminar costing $350-750 
and possibly pay hundreds of dollars more 
if you had to travel to a distant city to 
attend. Now, for only $49.95 (plus 
$4.00 P&H) you can view Countersur- 
vetllance Techniques at home and take 
refresher views often. To obtain your 
copy, complete the coupon below. 


Se eee eae 
RADIO-ELECTRONICS VIDEO OFFER SP } 
500-B Bi-County Blvd. 

Farmingdale, NY 11735 

Please rush my copy of the Countersurveillance Techniques 
Video VHS Cassette for $49.95 plus $4.00 for postage and 
handling. 

No. of Cassettes ordered 

Amount of payment $. 

Bill my VISA 
Card No. 
Expire Date 

















MasterCard 








/ 











Signature 
Name 
Address 
City 2 ee = — Srater 








ZIP 








All payments in U.S.A. funds. Canadians add $4.00 per 
VHS cassette. No foreign orders. New York State residents r 
add applicable sales tax. i 
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Science PROBE! is dedicated to the proposition that a broad and enthusiastic knowledge 


of science, whether self-taught or acquired in a classroom, is an essential element ofa 
balanced education. 














Science PROBE! is for recreational, observational and experimental amateur scientists; 
professional scientists; inventors; university students and their professors; technical 

: school students and their instructors; elementary and secondary school science students 
and their teachers; and all others interested in amateur science, 


Science PROBE! recognizes that many fundamental scientific discoveries and inventions : 

have been made by amateur scientists. Science PROBE! will encourage a more 

widespread knowledge of amateur science by publicizing the achievements of historical 
and conlemporaty: amateur scientists. 


Science PROBE! will encourage participatory amateur science s publishing both 
- elementary and advanced experiments and projects i in many fi fi elds of science. 


Science PROBE! is dedicated to. broadening and improving the science education of 
students and their teachers at all levels and in both public and Private institutions of 
learning. 


Science PROBE! endorses science fairs as an important tool for giving students a hands- 
on appreciation of science, - eoeste : : 


Science PROBE! encourages and supports serious research by amateur scientists. 
Science PROBE! likewise encourages observational and recreational science activities, 
experiments, demonstrations and hobbies. 


Science PROBE! will serve as a forum and an mintartnation ciemabonse for amateur ; 
scientists. Science PROBE! will receive, evaluate and publish Pee observations and 
discoveries by amateur scientists. eis E 


- Science PROBE! believes that. experiments. by amateur scientists should be conducted in ~ : 
a manner that will not endanger the property of others and the safety of onlookers. 
Experiments involving animals or people should be conducted with the highest regard for — 
the safety and well being of the subjects. . 








Science PROBE! believes in ethical science and strongly opposes science fratid: Science _ 
|| PROBE! will not knowingly publish erroneous or fraudulent information. If information 

published i in Science PROBE! is found to be false or fraudulent, Science PROBE! will 
Promptly Publish a retraction or correction. 
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FOR SALE 


LASER RIOT - HeNe laser heads rated 4-6 mw, 
only $99 each (plus $8.50 s&h. Very limited supply. 
Send check/MO to: CRYOLUME 2139 North Univer- 
aly Drive, Dept. 274, Coral Springs, FL 33071. (305) 
720-5310. 





BOOKS! Catalog of most exciting electronic and 
science books, FREE! Box 596-T, Logan, Utah 
84321. 1 (800) 359-0466. 


MAGIC! Four illustrated lessons plus inside infor- 


mation shows you how. We provide almost 50 tricks 
including equipment for four professional effects. 


Order now! $29.95 for each course + $3.50 postage 
and handling. (New York welders add applicable 
state and local sales tax). The Magic Course, 500- 
B BiCounty Blvd., Farmingdale, NY 11735. 


KITS & PROJECTS 





SURVEILLANCE transmitter kits! Four models of 
each; telephone, room, combination telephone/ 
room transmitters tune from 65 to 305 MHz. atalog 
with Popular Communications and Popular Elec- 
vonice book reviews of “Electronic Eavesdrop- 
ing THOnICS 5 Design,” $1.00. SHEFFIELD 
CTRONICS, 7228F Stony Island, Chicago, IL, 
60649-2806. 

























HOW TO PLACE A CLASSIFIED ADVERTISEMENT IN Science PROBE! 


To place your own classified advertisement, put one word on each of the lines below. Minimum: 15 words. 
Please print each word separately, in block letters. Send the completed form along with your check to: 
Science PROBE! Classified Advertisements, 500-B Bi-County Boulevard, Farmingdale, NY 11735. Be sure to 
indicate which category of classified advertising you wish your classified advertisement to appear under. 
There is a surcharge of $30.00 for headlines of special categories. 


Regular Categories are: 








(] Student and Teacher, O Kits and Project Building, C) For Sale () Education/instruction, 
O Wanted O Scientific Equipment 

















Special Category Headline: $30.00 ( ) 
Please print each word separately, in block letters. 

















($52.50) 






17. 18. 


($59.50) ($63.00) ($66.50) ($70.00) 








($56.00) 










22. 23. 


21. eS 
($77.00) ($80.50) ($84.00) ($87.50) 





($73.50) 















27. 28. 


26. we bE A oo a eee 
($94.50) ($98.00) ($101.50) ($105.00) 


($91.00) 
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($108.50) ($112.00) ($115.50) ($119.00) ($122.50) 


No refunds or credits for typesetting errors can be made unless you clearly print or type your advertising 
copy. Rates indicated are for standard-style classified advertising only. See below for additional charges for 
special advertisements. 


We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 


0 VISA MasterCard 
Card Number 

















Expiration Date 





Print Name on Card Signature 


Important: If you use a box number you must include your permanent address and phone number for our 
files. Advertisements submitted without this information will not be accepted. 


Classified Commercial Rate: $3.50 per word prepaid for firms or individuals offering commercial products 
or services. No charge for ZIP code. Minimum 15 words. 5% discount for same advertisement in 4 issues if 
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Superconductors 
Continued from page 74 





Besides the raw materials, you 
will need a mortar and pestle for 
grinding and mixing the various 
ingredients. You will also need a 
means for compressing the 
powdered material into its final 
shape. Finally, you will need ac- 
cess to a kiln capable of reaching 
a temperature of from 900 to 
1,000 degrees C. 

The usual chemicals are yttrium 
oxide, barium carbonate and cop- 
per oxide. According to National 
Superconductor, the yttrium ox- 
ide can be replaced by any of the 
lanthanide series of rare earth 
oxides. The barium carbonate can 
be replaced by other barium 
compounds, but they are highly 
toxic. 

After the ingredients are mor- 
tared and thoroughly mixed, the 
powdered superconductor is 
pressed in a die. The resulting 
pellet is then fired at from 900 to 
1,000 degrees C for from 5 to 12 
hours. Different suppliers suggest 
various firing times, sequences 
and temperatures. 

The sintered ceramic that re- 
sults from this step must contain 
oxygen for superconductivity to 
be exhibited. Oxygen in the air 
inside the furnace will enter the 
material when it is slowly cooled 
inside the furnace. National Su- 
perconductor suggests that pure 
oxygen be flowed through the kiln 
while the sample is cooled over a 
period of 6 hours. This step, how- 
ever, requires strict safety 
precautions due to the highly re- 
active nature of oxygen and the 
very rapid combustion it will sup- 
port. 

Arbor Scientific sells a super- 
conductor fabrication kit that 
includes enough material for 10-15 
discs and a pill die for forming 
them. The superconductive 
powder is compressed in the die 
by means of a vise supplied by 
the experimenter. The kit, which 
sells for $275, includes a mortar 
and pestle, toxic-dust mask, 
gloves and various other neces- 
sary materials. 

Remember that some of the 
ingredients used to make ceramic 
superconductors are highly toxic. 
During each processing step, it is 
absolutely essential to follow the 
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safety precautions provided by 
the supplier. At the very least, you 
and any onlookers MUST wear a 
toxic dust mask, eye protection 
and impermeable gloves! Never 
eat or drink while preparing su- 
perconductive materials. Scrub 
your hands before consuming any 
food or beverage. Carefully clean 
your work space and be abso- 
lutely sure no dust or residue 
remains. Superconductor ingre- 


TWEEZERS 






SUPERCONDUCTORS 


Figure 7. Superconductor discs 
suspended above, below and at the 
sides of a magnet. 


dients will be as toxic a week or 
month after you prepare your 
samples as the day they drifted 
onto a drinking cup you forgot to 
remove or clean. 


Going Further 


In 1988, Palmer Peters of the 
National Aeronautics and Space 
Administration (NASA) was experi- 
menting with a new kind of 
superconductor ceramic laced 
with silver oxide. After Peters lift- 
ed a magnet from a dish of liquid 
nitrogen, he noticed that a small 
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piece of superconductor that had 
been in the dish was missing. 
Peters then found that the miss- 
ing superconductor fragment was 
floating below the magnet as if 
suspended in space by an invisi- 
ble thread. But there was no 
invisible thread. The supercon- 
ductor was suspended in space 
below the magnet. 

Since even the well known 
Meissner effect in which a mag- 
net floats above a supercon- 
ductor has yet to be fully under- 
stood, the phenomenon observed 
by Peters came as a complete 
surprise. Later Alan Hermann of 
the University of Arkansas dupli- 
cated Peters’ discovery, this time 
with a different superconductor 
material. Hermann found that the 
superconductor would remain 
suspended in the space above or 
below a magnet even when the 
magnet was rotated through 90 
degrees. Figure 7 is a drawing of 
this curious phenomenon based 
on a pair of photographs that 
appeared in the October 1988 is- 
sue of The Institute, a publication 
of the Institute of Electrical and 
Electronics Engineers. 

By now | hope you are con- 
vinced that there are many 
fascinating aspects of supercon- 
ductivity for the creative amateur 
scientist to explore. Consider that 
an electrical current induced into 
a ring of superconducting materi- 
al will continue to flow even after 
the source of current has been 
removed. National Superconduc- 
tor sells superconducting rings 
which can be used to demon- 
strate this remarkable 
phenomenon. According to the 
company, researchers at the Cali- 
fornia Institute of Technology 
found that only 1 percent of the 
current induced into one such 
ring was lost after a span of 4 
hours! 

On a more fundamental level, 
you can experiment with various 
dies to form superconductors 
into rods, rings, wafers and other 
shapes. You can also experiment 
with the composition of supercon- 
ductors you make yourself. If you 
discover anything new or unusual, 
send a brief, concise report of 
your findings to me at Science 
Probe! so we can share your re- 
sults with our readers. in any 
event, be especially careful to 
follow the appropriate safety pre- 
cautions. * 
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9 Reasons 
you ll really 
enjoy 

The Modern 
Electronics 
Manual 


1. Filled with practical, 
: sn useful projects 
Over 400 pages of how-to information 
that’s easy-to-follow and makes projects 
faster, easier and more enjoyable. Now 
you can build your own Blecaonic 
components in wide range of areas— 
from telecommunications to stereos, 
computers, radio and TV. 





o) 2. Circuit layouts on acetate— 
Save you time and effort td 


Here’s how to eliminate the most time 
consuming step of almost any project— 
fabricating the printed circuit you need. 
The Manual gives you the board layout 
in black on a clear acetate. Just place 
the acetate over a photosensitive PC 
copper baseboard, expose it to light, 
develop it, and you have your own 
rinted circuit board specially crafted 
or each project. 


@ 3. Save money by doing 
things yourself 


Build things for the home and office 

that make your life easier and more 

pee and give you more efficiency. 
earn when to call the repair man and 


<s—. 






Look how easy it is to 
make your own 
printed circuits now 


1. Select the board layout you 
want. 

2. Place it on top of a photo- 
sensitive copper baseboard and 
expose to sunlight, spotlight or 
incandescent bulb. 

3. Etch away unwanted material 
in bath solution to create your 
printed circuit. 

4. Attach components and solder 
to board. 

5. Plug it in and use it. 


when you can fix it yourself. Save 
, unneeded service calls. 


! 4. Sources of supply 


Your Manual gives you listings of firms 
that sell electronic components through 
stores and through the mail. 


5. Professional “hints and 
kinks’-tips, & new 


techniques 


Professional techniques are explained 
in detail, step-by-step. You learn the 
easy shortcuts as well as the pitfalls to 


look out for. 


6. Keep on top of 

what's new 
Advances in electronics occur rapidly 
today, so we send regular updates to 


give yee insight into new technologies 
ow you can work with it. 


and 


7. Trouble-shooting 
techniques 


and how it works, then the applica- 
tions, the maintenance and repair 
procedures. 


8. Well-organized, easy 

to access information 
The FREE, sturdy 3-ring Binder with 
Index Tabs organizes material so you 
find what you need quickly. 


Van 9. Publisher's 

Moneyback Guarantee 
There’s absolutely no risk in taking 
a look at The Modern Electronics 
Manual. You pay nothing unless you 
are comple satisfied it’s for you. If 
you have paid already you will receive 
a full 100% of your money back. 


No Risk Trial Certificate 


Just return the coupon below and 
we'll send you the Manual to look 
over in the comfort of your home or 
office. Take the time it deserves to 
examine it carefully and then decide. 


Build your understanding from the 


ground up. Learn the technology 


Here are just some of the subjects covered: 


Electronic components and their Introduction to 
characteristics 


Hand tools for electronic kit 


Electronic component handling 

Electrical soldering techniques Dig 

Sources of electronic components A DOS tutorial 
and supplies 

Printed circuit board layout 


techniques Laser printing 
Making printed circuit boards Ingtattng accessory cards in 
Surface mount technology your PC 
Electrical safety Installing a hard/fixed disk drive 
Basic radio Managing data on your hard drive 
Basic TV Electrical desoldering techniques 


Solid state darkroom timer 
Electrical surge protection 
Amplifier for your Walkman 
Basic telephone 

Telephone testing set 

Cellular telephone 

Night light that turns on when 


telephone rings performance 


Facsimile fundamentals 
Guide to using computer 
building bulletin boards 
Short wave radio 

ital logic fundamentals 


BASIC programming tutorial 
Video display adapters for PCs 


Audible voltage continuity tester 
General diagnostic techniques 
Ground fault-interrupter 

Cost effective function generator 
Double sided printed circuit boards 
Soldering iron idler 

Improving antenna reception 


Satellite TV 
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“T To order your 
1 Manual right 


Send for your no risk look today. 


The Modern Electronics Manual 

97 Indian Field Road, Greenwich, CT 06830 
YES, send me The Modern Electronics Manual 
for only $49.95 (plus $5.00 for shipping and 
handling). Enclosed is my check or credit card 
number and signature. I understand if I am not 
completely delighted I can return the Manual at 
any time and receive a complete 100% refund. 


Bill me (] Payment enclosed (] Charge my 1) Visa (MasterCard 
Acct. Exp. 
No} ee Se rae 









































Signature 


Name 





away, call maudtss 


LWERA, « Gily, St)ZIP = “Cie ee 
All orders must be signed to be processed. 503 
If I elect to keep the Manual, I understand I'll also receive 
supplements 4 to 5 times a year at 25¢ per page to ensure my 
Manual remains completely up to date. I’ll be billed with each 
separate supplement and can return them unpaid if I’m not 
satisfied. I can also cancel further supplements at any time. 
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Bioelectricity 





Continued from page 90 


Bioelectric Amplifiers 


The typical bioelectric amplifier 
is an alternating-current (AC) dif- 
ferential amplifier. These are 
amplifiers that produce an output 
voltage that is proportional to the 
difference between the signal 
voltage applied to the two input 
lines called —IN and +IN. 

The reason for AC coupling the 
input of the amplifier is that skin 
is an electrolyte which will pro- 
duce a direct-current (DC) half-cell 
potential when in physical con- 
tact with the metal electrodes 
used to acquire the signal. Be- 
cause this DC potential is on the 
order of 1 volt, it is 1000 times 
higher than the ECG signal and 
must be suppressed. 

Figure 7 is a circuit of a bio- 
electric amplifier which is called 
an instrumentation amplifier. The 
voltage gain (Ay) of this circuit is 
given by the equation below. 


2R5 R10 || R14 

Ay= | RA «]f R7 (Ee 
The overall gain of the circuit will 
vary from less than 400 when 
potentiometer R4B is at the max- 
imum value, to more than 4000 
when R4B is at zero. 

The frequency response re- 
quired for an ECG amplifier 
depends on its application. For 
medical diagnostic purposes, the 
maximum high-frequency re- 
sponse must be around 100 Hertz 
(Hz) at the —3 dB point, the point 
at which the amplified signal falls 
to half its expected amplitude. 
For ordinary medical monitoring 
and demonstration applications, 
the upper — 3 dB point can be 40 
Hz or so. This lower value helps to 
eliminate some of the 60 Hz inter- 
ference caused by power lines 
and muscle jitter artifacts caused 
by the subject moving. The low 
frequency —3 dB point must ac- 
commodate the low frequency 
components of the P and T-waves. 
It must be on the order of 0.05 Hz. 

The CMRR (Common Mode Re- 
jection Ratio) control, R9B, is 
adjusted to eliminate signal noise 
common to both input amplifiers 
Ala and Atb. 


Using the Bioelectric 
Amplifier 

For medical diagnostic pur- 
poses, the three inputs of an ECG 





FURTHER READING 


Best & Taylors Physiological Basis of 
Medical Practice, John R. Brobeck 
(editor), Williams & Wilkins Co., Bal- 
timore, MD, 1973. 


Introduction To Biomedical Equipment 
Technology, John M. Brown and 
Joseph J. Carr, John Wiley & Sons, 
1981, now marketed by Prentice-Hall. 


Biophysical Measurements, Peter 
Strong, Tektronix Inc. Measurement 
Concepts Series. 


amplifier are connected in vari- 
ous ways to electrodes affixed to 
the chest and one arm and one 
leg. For demonstration purposes, 
a reasonable ECG signal can be 
acquired by connecting to the 
amplifier in Figure 7 to a pair of 
hand-grip electrodes (Figure 8A) 
or large discs mounted on an 
insulated surface (Figure 8B). 
Since the common electrode is 
not used (as it would be in expen- 
sive medical equipment), the ECG 
signal will not be free of muscle 
artifacts or 60 Hz interference. 
The signal strength will, however, 
be good enough to see the action 
of the signal on an oscilloscope 
connected to the output of the 
amplifier. 

Have a subject lightly grasp the 
hand grips or rest the palms of 
each hand on the metal disks. 
Connect the 9-volt, transistor-ra- 
dio battery to the amplifier and 
the output of the unit to an os- 
cilloscope. * 


C.L. Stong 


Continued from page 85 





to build a high-voltage electrical 
apparatus. But other people did 
it! The other projects were not as 
demanding, but a few were nearly 
so: a particle accelerator, a 
Wilson cloud chamber, a reenact- 
ment of Robert A. Millikan’s oil- 
drop experiment to determine 
the electric charge of the elec- 
tron, a low-speed experimental 
wind tunnel. 


And Books, Too! 


One day when Red had to blow 
glass for some apparatus, per- 
haps the gas laser, he found that 
his amateur skills as a glass- 
blower were not up to the job. He 
repaired to the library for as- 
sistance, only to discover that 
there was no book on how to blow 


glass. That bothered him, so he 
sought out a professional glass- 
blower, and between them they 
wrote the missing book: Creative 
Glassblowing, by C. L. Stong and 
James E. Hammesfahr (W. H. Free- 
man and Company, 1968). Red 
also published a hefty collection 
of his early ‘Amateur Scientist” 
columns: The Scientific American 
Book of Projects for the Amateur 
Scientist (Simon and Schuster, 
1960). 

None of the rest of us on the 
magazine would have dreamed of 
embarking on such projects; jour- 
nalists may be unsuited to 
amateur science by tempera- 
ment. We nonetheless greatly 
enjoyed reading about other peo- 
ple doing them. What is more to 
the point, in reading Red's articles 
(and poring over Roger Hayward’s 
wonderful illustrations) you 
learned a lot about experimental 
science you would not have 
learned otherwise. 

For his part Red greatly enjoyed 
the hard projects. When he came 
into the office with his copy, his 
pleasure and pride at pulling 
them off caused his countenance 
to radiate even more strongly 
than usual at the longer-wave- 
length end of the spectrum. 
James Rogers, who edited the 
department, would greet him as 
“the eminent wordsmith’ or, on 
occasion, “Strong” (a frequent er- 
ror made by unimaginative 
people who were unable to ac- 
cept that there could be a name 
such as Stong). 

He was altogether a delightful 
companion, full of cheerful coun- 
sel, jokes and stories out of his 
eventful past. Red died of lung 
cancer at age 73. Recently | hap- 
pened to read a biography of 
Thomas Telford, a great British 
engineer of pre-railroad days who 
presided at the building of more 
canals, roads and bridges than 
anyone before or since. When 
Telford was in his 70's, he re- 
marked that in the course of his 
travels up and down the British 
Isles he had met many fascinat- 
ing and lovable people, and that 
the only regret he had about his 
long and fruitful life was that he 
had not been able to spend more 
time with them. That’s the way | 
feel about Red Stong. Red lived an 
active, creative and constructive 
life. He would never had asked for 
more. The only regret | have 
about my 30-year association 
with him is that | did not see more 
of him before it was too late. * 
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mation about products or services in 
their homes by telephone. 

But if you want fewer phone calls 
from national advertisers, we can help. 

Telephone Preference Service can 
effectively reduce phone calls from 
national advertisers. And, it’s abso- 
lutely FREE. Just send us your name, 
full address, area code and phone 
number. We'll tell participating 
national advertisers to remove your 
name from their calling lists. 

After all, they only want to talk to 
people who want to listen. 
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SPECIAL FEATURES 
4 Charter—Why we are Science PROBE! 


32 The Adventures of a Lightning Photographer by Warren Faidley 
One man’s story of his hobby and vocation—capturing lightning on film. 
His exciting first-person report provides the facts and tips you'll need 
to snap lightning. 
84 Remembering C. L. Stong by Dennis Flanagan 
For nearly two decades, “Red” Stong wrote “The Amateur Scientist” 
column for Scientific American. This Premier Issué of Science PROBE! is 
dedicated to his memory. 


FEATURES 


40 The Christmas Bird Count by Elizabeth Pennisi 
Over 42,000 birders produced invaluable data that was used by 
universities and government agencies to develop new insights that 


12. Heath Company Video .......... Free will change the course of worldwide conservation planning. 
13. Electronic Goldmine ............ Free 47 How to Become a Weather Observer by Steven D. Steinke 
. . . oy . 
14. Communications Electronics ..... Free Observing the local weather and carefully recording meteorological 
ISS Digitary =); s..0 2 satan avert Free Statistics is a serious pastime for thousands of amateur scientists. The 
416. Edmund Scientific Co. .......... Free author describes the essential components of a home weather station. ' 
17. California Coast University ....... Free 61 Science PROBE!'s First Annual Field Trip Report by Forrest M/. Mims III 
19. Nordic Track ................00. Free Travel with the Editor on a field trip to New Mexico. Discover how 
20. Astronomics ................... Free intense ultraviolet rays from the sun are at the top of a mountain; 
21. Weka P : hi ozone differences at different altitudes; and radiation background 
Bee UC orci tp ries counts at different altitudes, inside an extinct volcano, and along the 
22. Krauth Precision Instruments .... Free roads of a nuclear research facility. 
23, Wealherama Weather 77 Getting Started in Astronomy by Stephen James O’Meara 
Instruments ........... 0.6.4.0, Free Avoid the bewilderment newcomers to astronomy experience by 
24. American Weather Enterprises ... Free viewing the hobby first with a leading amateur star watcher who is 
25. K and H Enterprises ............ Free lauded by professionals. 


86 Exploring Bioelectricity at Home by Joseph J. Carr 
Electrical signals are produced by electrochemical activity within various 
kinds of living cells. A simple home-made amplifier circuit permits you 
to monitor the electrical activity of your heart. 


94 Aerial Photography with Model Rockets by Michael M. Banks 
The fastest and cheapest way to make an aerial photograph from an 
altitude up to 300 meters, or higher, is by means of a miniature camera 
flown in a model rocket. 


COLUMNS 


8 Report from the Third Planet by Harry L. Helms 
Mt. St. Helens Just Ten Years Later—A tour through a volcano’s 
devastated site reveals the effect of a destructive force equivalent to 
27,000 Hiroshima-size atomic bombs, and how nature begins the 
healing process. 


18 Computer Scientist by William Barden 
Your home computer can become an inexpensive weather station that 
measures wind speed and outside temperature, and records the data 
for future reference. 


6 7 8 9 10 a) 
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28 The Young Scientist by Caro! Lewis 
Taking a Look at Crystals—You can never match the beauty of a 
snowflake crystal, but try your hand with crystals made from sugar, 
Epsom salts, baking soda, or borax. 
(More on page 3) 
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WELCOME To COMPUSERVE. 
THE LARGEST COMPUTER INFORMATION SERVICE IN THE UNIVERSE. 
(As Far As WE KNow) 





More people use CompuServe than any other online 
computer information service on Earth. 


Of course, it’s conceivable that there’s a service like 
ours somewhere that could give you more for your money. 


More than 600,000 members access hundreds of informa- But you may have to travel a few light-years to find it. 


tion,communications, and entertainment services online. Instead, all you have to do is visit your nearest computer 
dealer today. To order CompuServe direct, or for more infor- 
mation, write: CompuServe, 5000 Arlington Centre Blvd., 


Columbus, OH 43220. Or call today. 


Thousands with similar interests and special expertise 
converge regularly and exchange ideas on an ever-expanding 
list of special-interest forums. 


They have access to a combination of more financial 
information, a greater variety of shopping services, 
and deeper research resources than any other online 
computer service. Anywhere. 


CompuServe’ 
800 848-8199 
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Video Science Course for Children 
ntage® Winner of the Association for the Advancement of Science Award 


“Only 8 Years Old...And He’s 








ing Me About Science!” 


“Look, Dad. Static electricity can actually bend water!” 


a 





— 


Learn what makes an airplane fly. 





Learn about the powers 
of magnetism. 


Acclaimed Video Science Course for Children 


Gives Your Child a Critical Early Advantage 


It's no secret: American schools are failing 
science. The National Science Founda- 
tion and the U.S. Dept. of Education have 
reported this time and again. The average 
European or Japanese student gets 
3 times more science instruction than the 
best U.S. science student! 


World Ranking of Science Student Achievement* 


9. Sweden 
10. Finland 
11. United States 
8. Australia 12. Canada 


1. England 5. Japan 


2. Hong Kong 6. Poland 
3. Singapore 7. Norway 


4. Hungary 





*Source — National Science Foundation 
(Performance in physical sciences, 4th-12th grades.) 

In tomorrow's super-tech world, science 
will be essential for success. U.S. kids are 
already being left behind. But now there's 
something you can do about it. 


For the first time ever, your child can start 
learning science from the same learn-at- 
home video program proven in Europe. 
Adventures Into Science is entertaining 
and effective. Winner of the prestigious 
Advancement of Science Award! 


Kids learn about the fantastic powers of 
light, gravity, magnetism, inertia, electric- 
ity — and much more. The London Times 
calls it “the most imaginative educational 
video program yet!” 

Dozens of dazzling experiments and 
demonstrations excite kids’ curiosity, and 
teach basic scientific principles. 


Aaventures Into Science includes every- 
thing to master basic scientific principles. 
Twelve colorful video lessons on six 50- 
minute videos that kids will watch over 
and over. Emphasizes the “hands-on” 
learning too absent in U.S. schools. A 
special Parent’s Guide includes safe ex- 
periments for you and your children to 
do at home. You'll be thrilled when your 
child starts explaining science to you! Be 
delighted with his excited progress. 


Adventures Into Science is priced afford- 
ably — just $26.95 per video. And there's 
no risk: you may return the set within 15 
days for a full refund. Order today! Give 
your child a critical early advantage in a 
competitive world. 


© 1989 MBI 


Satisfaction 
guaranteed 


Early Advantage 
47 Richards Avenue 
Norwalk, Conn. 06857 


Call Toll-Free: 1-800-367-4534 
Yes! Please send me the Adventures Into 
Science Home Video Course for Children. 
| understand only VHS format is available. 


Name 





PLEASE PRINT CLEARLY 


Address 





City/State/Zip 





Signature 





(All orders subject to acceptance.) 


Charge each of six monthly installments of 
$27,74* to my credit card: 


OVISA O MasterCard 0) Diners Club 0 American Express 





Credit Card No. Exp. Date 
C11 prefer not to use my credit card and will 
pay by check. Enclosed is my deposit of $55.48* 
for each set. | will pay the balance as billed in 
four monthly installments of $27.74* each. 


*Includes one-time $4.75 shipping/handling charge 
Applicable sales tax, if any, will be billed with shipment 
Allow 2 to 4 weeks for shipment 


490-209 
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| How to Photograph 
Nature’s Light Show 


Getting Started 
in Astronomy 
Superconductor 
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For your copy, call 24 hours a day TOLL FREE: 


1-800-44-HEATH 


(1-800-444-3284) 


automatically averages 
wind speed and direction 
to FAA/NWS standards 
and gives true values for 
wind speed and wind 


Includes precision wind ‘i 5 
" direction. 


sensor assembly. 
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